REVIEW ee 


PON TELEGRAPH AND TELEPHONE PUBLIC CORPORATION | 


Former, |Reports of the Electrical Communication|) Laboratory 
Nippon Telegraph and Telephone Public Corporation 
from Vol.1, No.1, Sept. 1953 to Vol.7, No.12, Dec. 1959 


. e EB & a VOLUME 9 
NUMBERS 9-10 


Published Bimonthly by 


HE ELEGFRIGAL | COMMUNICATION | LABORATORY: 


NIPPON TELEGRAPH AND TELEPHONE PUBLIC cm x , | September : October- we 
. 1551, Kitizyézi, Musasino-si, Toky6, Japan 


Review of the Electrical Communication Laboratory 


EDITORIAL COMMITTEE 


Susumu OKAMURA Chairman 


Giichi ITO Hideo KAWASAKI Yukio NAKAMURA 
Tatsuya SHIMBORI Takuzo SHINDO Toyotaro SHIRAMATSU 
Takakichi UZAWA Ginsaku YASAKI 


Nobukazu NIIZEKI 


EDITORIAL STAFF 


Takaaki MIWA Editor 
Tutomu SAITO Assistant Editor 


Masao HIROSE u 


The Review of the Electrical Communication Laboratory is published six times a year (bi- 
monthly) by the Electrical Communication Laboratory, Nippon Telegraph and Telephone 
Public Corporation, 1551, Kitizy6zi, Musasino-si, Toky6, Japan: Telephone: Téky6é (391) 2261 
and 2271. 

All rights of republication, including translation into foreign languages, are reserved b 
the Electrical Communication Laboratory, NTT. ; 

Subscriptions are accepted at ¥ 1,200 per year. Single copy ¥ 300 each. Foreign postage is 
*¥ 400 per year or ¥ 65 per copy. Remittance should be made in check payable to the Elec 
trical Communication Laboratory and sent to the Director. 


Printed by Aoyama Printing Co., Tokyo, Japan 


x 18, WY ILI any 
of the 
ELECTRICAL COMMUNICATION LABORATORY 


NIPPON TELEGRAPH AND TELEPHONE PUBLIC CORPORATION 


Volume 9, Numbers 9-10 September-October, 1961 


U.D.C. 621.318.57: (621.382.2 : 621.314.63 


Compound pnpnp Switches for Bidirectional- 
bistable Electronic Switches’ 


Kingo YAMAGISHI+ 


In the usual bistable electronic switches, the current direction in the conducting state is 
generally limited in only one direction. Therefore, the field of application of the electronic 
switches will be extended by the realization of bidtrectional-bistable electronic switches. 

In this paper, the fundamental characteristics of the compound pnpnp diode and its 
variations which are made by combination of one npn transistor and two pnp transistors 
are examined from the point of view of developing the bidirectional-bistable electronic 


switch. The results of this study show that the compound pnpnp diode (or compound 


npnpn diode) can be used as a bidirectional-bistable switch. 


The multiterminal compound 


pnpnp devices exhibit some interesting characteristics which are usable in controlling these 


devices. 
switches. 


1. Introduction 


In the usual electronic switches using the 
thermionic vacuum tube, semi-conductor ele- 
ment, etc., the current flows only in one di- 
rection. This limitation in the direction of 
current has narrowed their field of application. 
Consequently, if we can develop bidirectional- 
bistable electronic switches, their field of 
application could be expanded. 


* MS received by the Electrical Communication La- 
boratory on February 18, 1961. Originally published 
in the Kenkyi Zituydka Hokoku (Electrical Com- 
munication Laboratory, Technical Journal), N.V.7., 
Vol. 10, Nos. 6, pp. 1173-1180, 1961. 

+ Switching Research Section. 


It ts also possible to foresee the development of single-element bidirectional-bistable 


Fig. 1 shows the typical input voltage-current 
characteristics of such _ bidirectional-bistable 
electronic switches. It is of course possible 
to build an electronic switch having the voltage- 
current characteristics shown in Fig.1 by using 
two unidirectional-bistable electronic switches. 
For instance, by putting two pnpn_ diodes 
with their polarity opposite to each other. in 
parallel connection. In this case, however, 
two unidirectional-bistable electronic switches 
have to be used. 

Thus, in trying to build a_ bidirectional 
bistable electronic switch possessing the voltage- 
current characteristics shown in Fig.1 by 
using a single element, a basic examination 
has been attempted on the characteristics of 
the compound pnpnp diode. The results of 
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Fig. 1—A typical voltage-current charac- 
teristics of bidirectional-bistable 
electronic switch. 


this examination have indicated that it is 
possible to use the compound pnpnp diode 
as a_bidirectional-bistable electronic switch 
possessing the voltage-current characteristics 
shown in Fig. 1.‘” 

This paper examines the basic character- 
istics of the compound pnpnp diode and _ its 
variations from the point of view of developing 
the bidirectional-bistable electronic switch. 
The results of this examination have indicated 
that it is possible to develop a_bidirectional- 
bistable electronic switch of a single element 
of the pnpnp or mpnpm structure. 


2. The Structure of the Compound 
pnpnp Diode and Its Characteristics 


The pnpn diode is equivalent to the com- 
pound pnpn diode, as_ pointed out by 
Shockley.“ The characteristics of the com- 
pound pnpnp diode which is a combination 
of two pnp transistors and one npn transistor 
connected as in Fig. 2 (a) are examined, and 
the results of this examination are descirbed 
below. 

In Fig. 2(a), T, and T; are pnp transistors 
of approximately the same characteristics, and 
T. is a symmetrical npn transistor. For Ts, 


(a) 


hoo 


(b) feot+le3r 


oy, 


Fig. 2—A compound pnpnp diode and its 
equivalent circuits. 


however, an ordinary npn transistor instead 
of a symmetrical npn transistor may be used. 
There is no rigid rule for the polarity of the 
pnp transistors T, and T; in their connection. 
It is nevertheless preferable to make the sym- 
metrical connection to the symmetrical npn 
transistor, and as shown in the figure, to 
place the emitters (e) of the pnp transistors 
T, and T; at both ends, and to connect their 
collector (c) with the base (b) of the npn 
transistor T,. Furthermore, it is also prefer- 
able to use the symmetrical pnp transistor 
for T, and T; as well as T,: R is the by- 
passing resistor. 

Next, let us seek the voltage-current charac- 
teristics of the compound pnpnp diode shown 
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in Fig. 2 (a). The equivalent circuit of this 
compound pnpnp diode may be drawn as 
Fig. 2 (b), disregarding the base resistance of 
T,, T2, T3. Here 71, 71, a; are respectively 
the emitter resistance, the collector resistance, 
and the current amplification factor of T,; 
Ye2, Fe2, Az are respectively the emitter resistance, 
the collector resistance, and the current amplifi- 
cation factor of T2; 73,, Y3r, @gr are respective- 
ly the inverted emitter resistance, the in- 
verted collector resistance, and the inverted 
current amplification factor of Ts. 

The circuit of Fig. 2(b) can be represnted 
by the simplified equivalent circuit as indicated 
in Fig. 2 (c), where 


apy ae rerR bal aes Toye%e2 

4 (fe: + R) : rs (“er + fee) 
ee Ve2*Vezr ee RPe3r 

7 ( Ye2 + Ve3r) : al (R+ Te3r) 

als) 

i , Ra, Ve37°Q2 

Sr R) (Yeo + Year) 

, Ve9*Agr 
OOM Se 
(Yeo + Lear) 

In Fig.2(c), the voltage-current charac- 


teristics between terminals 1 and 2 are re- 
presented by the following equation: 


v=1{Ley! + Leo’ + rer’ ( 1—a;’) + %e3r/(1—ae’)} 


(2) 


Therefore, 7, the internal resistance of this 
compound pnpnp diode can be represented 
by the following equation: 

ue 


= (Ket! + e2! +H er! 1—ay’) + Lear’ 1 — a2") } 
Fi 


(3) 


Now, a’, as indicated by the equation (1), 
can be made larger than unity, so 7 can be 
negative. Then, the conditions for r to be 
negative are represented in the following 
equation: 


{Yex! + Yeo! +41! + Year’ 1 — ar! )} 


On > ae 
eL 


(4) 


And when R is small, and re)’ > re’, reo’, 


re3r’, the equation (4) can be represented as 
follows: 


mel! Sell (5) 


In other words, when R is small and a,’ 
is more than unity, this compound pnpnp 
diode presents a negative resistance. And, 
in this case, the value of the negative re- 
sistance, 7 is represented roughly as follows: 


T=T7e1' (a/—1) (6) 


Namely, 7 is in proportion to 7’. Con- 
sequently, it will be possible to obtain 7 at 
any value by connecting the resistor R- as 
shown in Fig.3(a). In this case, 7 may be 
represented as the following equation: 


ro 
S 
os 
>» 
Ss 
S 
NRO 
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Fig. 3—Methods for varying the negative 
resistance 7. 
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Fer VeorRe(ay’ —1 ) 


— (7) 
{%o1*Ve2 +Re( Yo + Teg )} 


T= 


It is of course possible to obtain any value 
of 7 by connecting resistor R; as shown in 
Fig. 3 (b). 

In Fig. 2 (a), a negative resistance appears 
when the equation (3) become negative. In 
this case, if we assume that r1=7e2=Ye3r=e, 
R& rear, 1 =Agr251, %, RKre’, we obtain the 
following equation: 


(fe (8) 


Namely, when ».<R, a negative resistance 
appears. Now, 7 generally decreases as the 
emitter current increases. So taking this into 
consideration, as we increase the value of R, 
the quantity of current at the point where a 
negative resistance appears decreases. How- 
ever, if we make R too large, 73,’ becomes 
large, and as the equation (4) shows, a nega- 
tive resistance hardly appears. 

The foregoing discusses the voltage-current 
characteristics in Fig. 2 (a) when the voltage 
V is applied in the direction where the termi- 
nal 1 is positive as compared with the termi- 
nal 2. The voltage-current characteristics 
when the voltage V is applied inversely can 
be sought similarly. 

If we use pnp transistors of the same charac- 
teristics for T, and T3, and a symmetrical 
npn transistor for T3, we can realize a sym- 
metrical compound pnpnp diode. For the by- 
passing resistor R, a non-linear resistor or 
other impedance element may be used _ ac- 
cording to its use. For example, a diode 
may be used for R to reduce the conducting 
resistance of the pnpnp diode. 

Next, when it is necessary to fix the values 
of the breakdown voltage Vb and Vb’ at 
certain quantities, we can meet this require- 
ment by the circuit configurations as indicated 
in Fig.4 (a), (b), (c). Namely, the breakdown 
voltage of the compound pnpnp diode can be 
fixed to the value of the Zener voltage E, by 
using two Zener diodes D:;, Vb’\. Further- 
more, it is possible to obtain asymmetrical 
charactristics by using two Zener diodes 
of different Zener voltage. Also, it is 
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Tsao] 


(b) 


Fig.4—Methods for setting the break- 


down voltage by using Zener 
diodes. 


possible to make the asymmetrical character- 
istics by using two by-passing resistors R, of 
different value. 

In the foregoing description, the compound 
pnpnp diode is treated. It is of course possi- 
ble to develop a compound npnpn diode 
which is complementary to the compound 
pnpnp diode. 


3. Experimental Results 


Fig.5 shows an example of the voltage- 
current characteristics of the compound pnpnp 
diode connected as shown in Fig. 2 (a), where 
2114 is used for the pnp transistor, and 2T64 
for the npn transistor. In Fig. 5, Vb, Ib, etc. 
when R=500 ohms are smaller than those 
when R=200 ohms. This fact matches that 
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Fig. 5—Experimental voltage-current charac- 


teristics of a compound pnpnp diode. 


fe 2714 27 64 Pp id! 
} ie I Ve | 4 
R Re 
Vv | YN | : / \ | a 
a R R 
| ASO eee 
| Ons Z| 
50 
@&- = 500k 
a @-= 200kO 
30: ) R=2000 | 
20! i ee 
10 ie 
= 
SS 0 | 
‘ al — 
—10 Hi > 
= | pow a | 
20 1 ® j j 
30 ic i] i 
—40 Oi 
—50 | : i 
60 @ =a ad | a 
| 
Nes oy ga ees i eee 3 
7(m) 


Fig. 6—Variations of voltage-current charac- 


teristics for the value of Re. 
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Fig. 8—Experimental voltage-current charac- 
teristics of a compound pnpnp diode 


with two Zener diodes. 
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which has been described in equation (8). Fig. 
6 and Fig.7 show respectively examples of the 
voltage-current characteristics when the con- 
nection is made as in Fig. 3 (a) and Fig. 3 (b). 
The asymmetrical characteristics in Figs. 5 
to 7 seems to be due to the uneven character- 
istics of the two 2T14s used and the use of 
2T64 which is an asymmetrical npn transistor. 

Fig. 8 shows an example of the voltage- 
current characteristics when the circuit is con- 
nected as in Fig.4(a). As the figure indi- 
cates, Vb and Vd’ are well regulated by the 
Zener diode RD29. 


4. Modified Circuits 


When the compound pnpnp element is used 


V(V) 


Fig. 9—Variations of voltage-current charac- 
teristics of a multi-terminal com- 
pound pnpnp switch with a positive 
bias voltage + Ey. 


as the multi-terminal element, we can obtain 
some interesting characteristics. Fig. 9 shows 
the change in the voltage-current character- 
istics, when the value of the current J; flowing 
into the intermediate p layer of the compound 
pnpnp element from a positive bias voltage 
source (+ £;) through the resistor R3 is changed. 
In this case, as J; increases, Vb, Ib, Ih, etc. 


decrease. Fig. 10 shows the change in the 
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Fig. 10—Variations of voltage-current 
characteristics of a multi-terminal 
compound pnpnp switch with a 
negative bias voltage —E3. 
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vo:tage-current characteristics when a negative 
bias voltage (—E3) is applied to the p layer 
through the resistor R3. In this case, J, in- 
creases by about E;/R3. The characteristics 
as shown in Fig.9 and Fig.10 can be utilized 
for controlling this multi-terminal compound 
pnpnp element. 


Tee 


(c) 


Fig. 11—Devised structures of single- 
element _ bidirectional-bistable 
electronic switches. 


Also, in a similar way to the development 
of the single-elements of pnpn and pnpm ”, 
a single-element possessing similar character- 
istics to the compound pnpnp switch may be 
developed. Some devised structures of such 
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a single element are indicated in Fig. 11 
(a), (b), and (c). In this connection, the 
author would like to point out that the 
one shown in Fig. 11(b) has been reported 
independently from the author by Aldrich 
etraly 


5. Conclusion 


The results of this study have indicated 
that the compound papnp switch or the com- 
pound npnpn switch can be adequately used 
as a_ bidirectional-bistable electronic switch. 
They have also shown that when these devices 
are used as the multi-terminal element, we can 
obtain interesting characteristics that are con- 
venient for controlling them. And from the 
results of this study, we can also foresee that 
a single-element bidirectional-bistable electronic 
switch with the pnpnp or mpnpm structure 
can be developed. The application of the 
bidirectional-bistable electronic switch may be 
extensive for electric power supply, communi- 
cations, automatic control, etc. The author 
believes that the development of the electronic 
switch of this sort will expand the fleld of 
application of the electronic switch. 
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Circuit Interruption and Circuit Inter- 


ruption Measuring Set 


Toshi MINAMI}+ and Masamichi ONO* 


First, circuit interruption is defined as a phenomenon which nullifies the channel capa- 
city of a communication system, and includes the signal detector characteristic. A method 


of detecting thus defined interruption is given. 


Then it is illustrated that an automatic 


record is required to analyze circuit interruption, various kinds of recording systems are 
compared, and it is concluded that a magnetic tape recorder with delay apparatus 1s best. 
According to this conclusion a new circuit interruption measuring set 1s developed which 
is able to record the date and time when circuit interruption occurs and to record its 


duration. 


1. Introduction 


Together with the development of economic 
activities, the volume of business communi- 
cation is increasing enormously. This com- 
munication requires very low rates of trans- 
mitted data error, therefore circuit interruption 
and impulsive noise deteriorate the quality of 
a data transmission system. To find the effect 
of interruption on the quality of data trans- 
mission, it is necessary to collect data on in- 
terruptions: that is, time of occurence of in- 
terruption, duration of interruption, and length 
of interval between successive interruptions. 
However, the frequency of occurrence of 
circuit interruption is comparatively low and 
it is very difficult to find the cause of circuit 
interruption. Therefore, systematic research 
on circuit interruption has not yet been _per- 
formed. 

To overcome these difficulties, the authors 


MS in Japanese received by the Electrical Communi- 
cation Laboratory, on November 18, 1960. Originally 
published in the Kenkyé Zituyéka Hokoku (Electrical 
Communication Laboratory Technical Journal), 
N.T.T., Vol. 10, No.5, pp. 851-865, 1961. 

+ Communication Network Section. 


Finally, data measured by this set is analyzed from various viewpoints. 


developed a new circuit interruption measuring 
set, which consists of a delay apparatus and 
a magnetic tape recorder; and analyzed circuit 
interruption. In this paper, a method of ana- 
lyzing interruption, details of the measuring 
set, and data on circuit interruption of Japa- 
nese telephone lines are described. 


2. Definition and Model of Circuit 
Interruption 


There are two types of measurements which 
show circuit performance. One type is repre- 
sented by frequency distortion, amplitude dis- 
tortion, time (phase) distortion, and _ their 
combined effects; and the other is represented 
by noise, level variation, circuit interruption 
etc., and concerns itself with reliability. Of 
these two types, the former has_ reproduci- 
bility and is predictable, so we are able to 
compensate for the distortion. But the latter 
type has no reproducibility or predictability 
sO we are not able to compensate for it at 
the receiving end without using. statistical 
methods. The latter type may be subdivided 
into additive disturbances and multiplicative 
disturbances. The existence of multiplicative 
disturbances depends on the fact that there 
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are nonlinear parts or multiplying devices in 
an ordinary transmission system, such as 
multipliers or modulators, which are con- 
nected in tandem in the transmission system 
as shown in Fig.1. In Fig.1, block B re- 


B C D 
eH 
ve \ / | | e = - 16 


I 


Fig. 1—Block diagram of transmission 
system 


presents a multiplier, and 73 is equal to 7; X io; 
C represents an adder and 7; is equal to 723-+74. 
Block D represents ordinary filters, frequency 
converters, phase shifters etc. Current 74 is 
ordinary noise current, and 7: indicates a kind 
of function current which expresses the level 
variation or circuit interruption. #6 is a non- 
linear element or control element which may 
be considered to represent amplifier overload, 
core saturation, contact resistance variation, 
variation of cable constants, propagation fad- 
ing etc. In Fig. 1, the arrangement of B, C, 
and D on the transmission system is obviously 
changeable. The schematic diagram illustrates 
a simple tandem configuration but it can be 
changed to an automatic-control loop configu- 
ration. For instance, in a line with AGC, 
when interruption occurs a pilot current is 
modulated by the function current (e.g. circuit 
interruption) and when the line recovers to 
normal the signal on the line will not recover 
to its normal value immediately. This occurs 
because of the AGC loop operation. Further- 
more there are variations because of frequency 
selectivity, but these variations may be ex- 
pressed by parallel connection of many tandem 
circuits of corresponding to B,C, and D_ for 
each frequency band. 

The function current i. in Fig. 1 is divided 
into 3 classes (a), (b), and (c) according to 
the direct current component, as shown in Fig. 
2. In (a), the function current is of the ripple 


Amplitude 


Oe NE 


Amplitude 
Amplitude 


Time — Time — 


Fig. 2—3 types of function current 72 


type and we can compensate for circuit per- 
formance if we do not mind S/N depreciation 
or signal delay, but in (b) the function current 
is fragmentary and in (c) it is something like 
alternating current. In both cases current 
becomes zero in some instances so we cannot 
compensate for circuit performance complete- 
ly. Waveforms of the function current itself 
would be of many types such as pure si- 
nusoidal wave, rectangular pulse, random 
noise etc. Any of these undoubtedly reduce 
the channel capacity of the transmission 
circuit, and in order to retain accuracy we 
should define circuit interruption as a phe- 
nomenon in which channel capacity becomes 
zero. But in a communication system for 
digital transmission such as that with which 
we are concerned, reduction of channel capaci- 
ty does not necessarily correspond to the oc- 
curence of signal error and this correspondence 
depends on detector characteristics. Therefore 
we would like to define circuit interruption 
as a phenomenon which nullifies the channel 
capacity of a communication system and _in- 
cludes the signal detector characteristic, which 
differs from system to system. 


3. Detection of Circuit Interruption 


If circuit interruption stems from a multi- 
plier element such as shown in Fig. 1, there 
are problems similar to those in the modu- 
lator and demodulator in carrier telephony. 
For instance, when the frequency spectra of 
the carrier or signal current 7, and _ inter- 
ruption current 7; in Fig.1 are close together, 
the waveform of the interruption current is 
affected by spurious or quadrature com- 
ponents and we are unable to obtain the 
exact envelope waveform of the interruption 
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current. Therefore, as long as we use a 
rectifying detector, the information obtained 
from the received current is insufficient in 
waveform reproduction accuracy. This indi- 
cates that homodyne detection by a multiplier 
is best, and the obtainable information capaci- 
ty at the receiving terminal depends upon 
the location of the carrier or on the type of 
transmission system; that is, whether the trans- 
mission system is a vestigial-sideband system, 
a single-sideband system, or a double-sideband 
system. 

Slicing after detection is similar to that in 
carrier telegraphy. At first we set the slice 
level to an optimum value according to the 
purpose of communication (or measurement) 
and by using a feedback detector we change 
the probability distribution of the amplitude 
information and slice most effectively. In this 
case we should consider the problem of miss 
and error due to noise or long term variation 
of net loss but this is a problem of data a- 
nalysis. In another kind of system, for 
instance in a phase modulation system, the 
situation is quite similar and it will be satis- 
factory to select the detection method ac- 
cording to the purpose of the measurement. 
However, a detector now in use on a com- 
munications circuit should not be diverted 
for use as a measuring instrument, although 
it may seem to be practical, because the result 
obtained by such a method would be a quite 
limited and causality between the definition 
of circuit interruption and the choice of de- 
tecting method will be inverted. We should 
not forget that the purpose of circuit inter- 
ruption measurement is to estimate z: in Fig. 
1 and we should set the slice level with this 
fact in mind. Therefore the problem of 
misjudgement is more important than the 
problem of time distortion in interruption 
measurement, and it is common to all measure- 
ments of infrequent phenomena. 


4. Supervision and Recording of Circuit 
Interruption 


Generally speaking, to supervise infrequent 
phenomena of the order of 107*~10~° through 
human sense-organs, much endurance is re- 


quired. Of course it is possible to mechanize 
a continuous supervisory operation or to alarm 
automatically when circuit interruption occurs, 
but if we require human intervention for 
recording or for other assistance after the 
occurence of the interruption, then this 
measuring method must be a very unecono- 
mical one. Therefore it is natural to use an 
automatic recording system for supervision of 
infrequent phenomena and when _ recorded 
data are necessary, the system should be able 
to supply the necessary records promptly. 
This requires an automatic supervisory system 
to abandon worthless data and to retain valu- 
able data which are obtained at infrequent 
intervals. This function is very important 
for the purpose of improving the accuracy 
of collected data. Important data concerning 
circuit interruption are time of occurence, 
duration, and interval between successive in- 
terruptions. Autocorrelation and _ crosscor- 
relation to other phenomena are derived 
from these data. If the data recording method 
is not appropriate, the data will become useless 
when we analyze it later, so we must make 
records in as much detail as possible. In 
order to retain generality it is very important 
to take much data as it is. There are many 
recording instruments which we can make 
use of, and digital recorders are supposedly 
more accurate than analog recorders but we 
must beware of loss of information, especial- 
ly when we encode data into digital form. 
There are many problems in reliability of 
an automatic supervisory system itself. This 
is simply because the parts of the supervisory 
system are identical with parts of the systems 
which are the objects of our measurements, 
and the probability of trouble may be of like 
order in each. To overcome this difficulty 
the supervisory system must have ability as 
complex as the human brain. Otherwise the 
supervisory system must have an alarm e- 
quipment to report trouble within the system 
itself. Then what kind of alarm equipment 
is required? The problem may be solved 
easily if we realize that the purposes of this 
alarm are to delete the time in which the 
measuring equipment does not work well 
from the total measuring period and to dis- 
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card false data caused by failure of the 
measuring equipment. In practical use it 
may be impossible to do this completely. 
To meet this situation we must take special 
care when we analyze the collected data, as 
in the case of misjudgement illustrated in 
Section 2. 


5. Analysis of Circuit Interruption 


It is very hard work to analyze the data 
which are collected by this incomplete measur- 
ing set and to attain the object of measure- 
ment. It is difficult to enhance the detecting 
efficiency by controlling the main factors which 
affect circuit interruption and to improve the 
accuracy of measurement by increasing the 
number of repetitions. 

The only practical method is to obtain a 
large quantity of data about the most effective 
factors and to study correlations between 
them. It is very dangerous to draw con- 
clusions by examining data from only one 
point of view and estimating the type of 
circuit interruption distribution. Especially 
when we have no idea about factors which 
influence circuit interruption, it is essential to 
store much data by long term measurement 
and to accept them frankly. It is often said 
that most circuit interruptions are caused by 
operators, but we should not forget that this 
conclusion was arrived at under very limited 
conditions. 


6. Construction of a Circuit Inter- 
ruption Measuring Set 


We should use a continuous supervisory 
system to obtain data on circuit interruption 
and therefore should record the data continu- 
ously. The simplest C.I.M.S. is made of a 
rectifying detector and recording ammeter, 
which is a good and reliable method, but its 
recording speed is rather slow; therefore we 
are apt to overlook detailed data. Usually 
in order to obtain detailed data, recorder 
bandwidth should be as wide as the trans- 
mission band. We may use a_ photographic 
or magnetic tape recorder for this purpose 
and the recording speed will reach several 


megabits per sec, but for the sake of play- 
back we should adopt an intermittent re- 
cording system. This means that it is neces- 
sary to maintain the balance of data density. 
The usual recorder takes some time to start, 
therefore if we want to record data _inter- 
mittently, a delay apparatus is required. The 
delay apparatus may be thought of as a memo- 
ry device, and it is used to increase the 
information capacity of the recorder. Se- 
lection of the recording system should depend 
on its reliability, but if we use a magnetic 
tape recorder for playback we should encode 
the data into appropriate form. The most 
costly method is to sample the received cur- 
rent at an interval of T(<1/2W; W band- 
width) and to record the sequence after en- 
coding it into a digital form, but practically 
it is very difficult to develop such a system. 
Analog recording by photography is not bad. 
It is very useful because we can inspect the 
contents of the data directly with our eyes. 
If we use static-electric photography, which 
has been widely advertised recently, we can 
erase the data easily; therefore it may be 
also used as a storage, memory, or delay 
apparatus. As a low speed recorder, a dis- 
charge breakdown recorder or carbon printer 
is useful. In short, it is important that the 
system be simple and free from trouble. In 
orber to record the time of occurence, du- 
ration, and interval of interruption we must 
use a clock. To record the time of occurrence 
we may use a normal watch in the case of 
the photographic recorder but in the case of 
a magnetic tape recorder we must encode 
the time into digital form or record a_ vocal 
record of a “time-signal service” directly. To 
record the duration of interruption we must 
use a counting apparatus, such as a stop-watch, 
which has a_ resetting mechanism. The 
method of disposition of the recorded data 
is one of the factors to be considered in se- 
lection of a recording system. Usually it is 
convenient to handle the recorded data by 
an electrical method so it might be better to 
convert the data into a form which is easily 
changeable to electrical form. 

An adequate measure of trouble within the 
set itself is the same as in the case of a general 
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communication system. There are two ade- 
quate measures, one is the correction method 
and the other is the detection method. In 
the correction method the measuring — set 
works well, as if there were no trouble, even 
when a part of the measuring set is defective. 
But in the detection method, if the measuring 
set finds trouble, it stops the measurement 
and informs the operators. We should decide 
which method is preferable, depending upon 
operating conditions. 


7. An Example of a Circuit Interruption 
Measuring Set 


We want to illustrate a C.I.M.S. which 
was developed in our laboratory. In design- 
ing this system we considered the following 
facts: 

1) Measuring period is very long (1 to 6 
months). 

2) It must record the data as automatically 
as possible. 

3) The purpose of the measuring set is not 
to find causes of interruption and it will 
therefore be satisfactory if we can obtain 
the data at some later time. 

4) Detailed analysis of the envelope of the 
interrupted current is not necessary. 

5) It must work from the A.C. power supply 
and alarm automatically when the current 
is off. 

6) Accuracy of the duration measurement 
must be of the order of a few ms. 


Taking into consideration these facts a 
normal AM-type magnetic tape recorder was 
adopted as a recording device. This recorder 
is divided into a recording element and a 
playback element. Their actions are as 
follows. A continuous sinusoidal wave is 
sent through the telephone or the telegraph 
circuit which is set up for interruption 
measurement. At the receiving end, after 
being detected by a rectifier-type detector, 
the signal is connected to the slicing circuit. 
The slicer has a hysteresis characteristic and 
the slice level can be fixed at any value ac- 
cording to the desired purpose. The wave- 
form at the output of the slicing circuit is 
rectangular, and this output drives the pulsed 


oscillator. On the other hand the time and date 
data are encoded into a seven-unit binary 
PPM code of four digits by using an electrical 
watch and a group of relays. When the 
circuit is interrupted, a constant width rec- 
tangular pulse is generated from the beginning 
of the interruption and the information that 
the interruption occurred is transmitted to the 
group of relays through a polar relay by using 
this constant width rectangular pulse. Re- 
ceiving this signal, the timing motor begins 
to drive and after about 1 sec (the tape re- 
corder reaches normal speed during this time) 
the time and date data are sent to the input of 
the No.2 track recording amplifier. Of course, 
the data are converted to the form of amplitude 
modulated waveforms, with a 1.7 kc carrier. 
These time and date signals consist of four 
digits and it takes about 5 sec to send them 
serially. Therefore the tape recorder re- 
cording time when a single interruption oc- 
curs is 7 sec. If another interruption occurs 
within this 7 sec the tape recorder will con- 
tinue to turn for another 7 sec from the be- 
ginning of the second interruption. And so 
if interruptions occur successively the tape 
recorder continues to record them until the 
interruption cease. This operation is brought 
about by the following process. At first a 
timing motor is used to count 7 sec corre- 
sponding to the first interruption and if the 
second interruption occurs in the course of 
the first 7 seconds the other timing motor 
automatically begins to count another 7 
seconds. The output signal from the timing 
motor controls the pinch roller of the magnetic 
tape recorder and causes the recorder to start 
and to stop. The time and date signals are 
recorded only once for each successive re- 
cording and just before the end the discrimi- 
nating signal is recorded. This discriminating 
signal consist of 1.7ke carrier of several 
hundred msec. It can easily be discriminated 
from the time signal according to its length. 
Therefore the commencement of an_ inter- 
ruption is noticed by the time and date signal 
and the end is noticed by the discriminating 
signal.on the No. 2 track (cf. Fig. 5). On the 
other hand, the interruption signal modulates 
lke carrier and after 1 sec delay it is re- 
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corded on the No.1 track of the magnetic 
tape. In this case the time length of the 
interruption is counted in msec. The error 
introduced by the delay circuit is less than 
1 or 2 msec. The tape recorder to record 
the data is an ordinary one. It has 3 heads, 
3 motors, 2 tracks; and a monitoring speaker 
and a level meter which are common to both 
tracks. The vacuum tube circuits are con- 
structed on U-type plug-ins, and the con- 
struction is very smart. Start and stop of 
the recording can be controlled externally 
through a relay contact by pushing a botton. 
When the C.I.M.S. is used, electrical power 
is supplied to all parts. The tape is kept 
motionless but is ready to record. The tape 
speeds are 3.75inch/sec and 7.5 inch/sec. 
For measurement purposes the slower speed 
is used and 450 interruption can be recorded 
on a 1200-foot long (7 inch) reel. The dy- 
namic range of the tape recorder is about 
40 dB, and therefore we can record the neces- 
sary items such as the date, the name of line 
and so forth before beginning the measure- 
ment. To indicate that the tape reel is finish- 


Circuit Interruption Recorder Rack ) 


ed or the tape is cut we provided a_ safety 
switch and an alarm contact making use of 
the tension arm. The 3dB bandwidth of the 
tape recorder is 170c/s~7kc/s at the higher 
speed and 200c/s~3.8kc/s at the lower speed. 
Fig. 3 indicates the schematic diagram of the 
recording apparatus and Fig.4 show the front 
view of all apparatus necessary for measure- 
ment. In Fig. 3 the time indicating panel is 
used to monitor the stored data concerning 
the date and time. In this panel there are 
7 push buttons to reset “day”, “hour”, and 
“month”, and to test the apparatus by manual 
interruption. In order to test the apparatus, 
we may push the “breakdown” button; then 
the tape recorder begins to run and records 
the time and discriminating signal on one 
track but the pulsed-oscillator is not driven 
and no interruption signal is recorded. This 
is helpful to indicate the “commencement 
time’ and “end time’. An electric clock is 
also located on this panel and the setting of 
the minute hand is made by a knob on the 
surface. 

In the case of a cut tape, the red lamp on 
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Fig. 3—Schematic diagram of a recording apparatus. 
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(a) Circuit Interruption Recorder 


Fig. 4—Front view of Circuit 


the terminal panel at the lower part of the 
bay is turned on and the relay contact of the 
bay alarm is closed. The rectified voltage 
at the filter choke of the —48V rectifying 
circuit is used to indicate power supply failure. 
This voltage is supplied to a horizontal relay 
and whenever the power supply fails, the 
contact of the relay is opened and we can 
easily know it. The relay operates within 
the interval of power supply failure which 
affects the keep-relay operation of the relay- 
group. Short power supply failure (less than 
20 ms) will not affect the operation at all 
because the capacity of the filter circuit is 
large enough. We omitted an alarm for faulty 
operation due to tube deterioration. On the 
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|e | 


(b) Circuit Interruption Analyzer 


Interruption Measuring Set. 


terminal panel there are outlets for a power 
supply cord and a signal control cord, and if 
we put the ALM OFF switch to the OFF 
side then the power supply failure ALM relay 
is set. 

In Fig.5 waveforms and timing relation- 
ships of several parts of the recording ap- 
paratus are illustrated. From this figure it is 
easily recognized that successive interruptions 
within 7 sec are recorded at once. Further- 
more, it will be seen that interruptions lasting 
over 7 sec are recorded only for 7 sec. 

In Fig.6 a schematic diagram of an ana- 
lyzing apparatus is shown. This apparatus 
is used to measure the durations of the in- 
terruptions which are recorded according to 
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Fig. 6—Schematic diagram of an analyzing apparatus. 


the principles described above and to indicate 
the dates and times when the interruptions 
occured. The 1kc signal which wes recorded 
on the No.1 track is directly connected to a 
3-stage decatron counter and this counter 
indicates the length of the interruptions in 
msec. The 1.7kc signal from the No.2 track 
is amplified and rectified and then connected 
to a relay group. This relay group decodes 
the signal and indicates the dates and times 
on the time indicating panel. Start of a play- 
back is controlled manually by pushing a 
button and the end of the playback is auto- 
matically controlled by the discriminating 
signal. Therefore each interruption can be 
analyzed separately. 


8. Results of Circuit Interruption 
Measurements for Typical Japa- 
nese Telephone Lines 


Tests were carried out with the object of 
obtaining data on circuit interruption. Figs. 
7~11 show results which were measured on 
a telephone circuit between Tokyo and Osaka. 


The measuring period was 1083 hours. Fig. 
7 shows the frequency of interruptions for 
the days of the week; multiple means the 
interruptions occur successively within 7 sec. 

In Table 1, interruptions on SHF radio links 
are shown. In this case causes of interruptions 
are analyzed, too. 
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Fig. 7—Frequency of interruptions by day 
of week. 
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Fig. 8—Frequency of interruptions by hour of day. 
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170 


Frequency /44 Days 
‘Ss 
T 


é ft ({ 94N 
0 3 6 9 12 15 18 21 24 27 30. "44 45 46 >50 


Interval (Hour ) 


Fig. 10—Intervals between successive interruptions. 
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CIRCUIT INTERRUPTION 


Table 1 


IN SHF RADIO RELAY LINKS 


BETWEEN TOKYO AND SENDAI 


(1958. 8.14 ~ 1958. 9. 15) 


ae | Frequency oot Duration of Interruptions (msec) 
ee 0~9  10~99 100~999 1000~4999 5000< 
Fading 15 0) 2 10 3 0 
Transmitting and Receiving Apparatus | 1 0 0 1 0 0 
Modulator Changeover 14 1 bb (0) 0 0 
Demodulator Changeover 23 15 8 0 0 0 
Auxiliary Apparatus 1 0 1 0) 0 0 
Power Supply Failure 24 0 13 10 0 1 
System Changeover 7 0 5 2 0 0 
Other Apparatus 3 1 2 0 0 0 
Faulty Operation | 4 0 0 0 0 4 
Unknown 10 2 5 2 0 i 

ee | = — E é : pe le 
Total 102 19 49 25, | 3 6 
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Conclusion 


There are two reasons for research on 
circuit interruption. One is to find the causes 
of the interruptions and reduce them as much 
as possible. And the other is to collect data 
on circuit interruption such as the frequency 
of occurrence, duration, and interval. These 
data will be used when an efficient error cor- 
recting system for data transmission is con- 
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structed. Here, the problem of construction 
of a circuit interruption measuring set is in- 
vestigated and test results of circuit inter- 
ruptions in typical telephone lines are ana- 
lyzed from various viewpoints, and some of 
causes of interruption in SHF radio relay 
links clarified. 

However, more data are neccessary to solve 
the problem of interruption and this kind of 
research should be continued in the future. 
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A Study on the Efficiency of Graded 
Multiple Delay Systems through Arti- 


ficial Traffic Trials 


Eiichi GAMBE* 


With the expansion of common controlled telephone exchange systems, arrangements of 
devices with a delay system have become widely used. These arrangements are generally 
the graded multiple system, the link system or the multi-stage waiting system. 

On the graded multiple delay system with sequential hunting, a series of artificial traffic 
trials was performed by means of an electronic digital computer, as one of the studies of 
these complex delay systems. This computer uses parametrons for logical elements and 
was developed in our laboratory. 

The difficulty of theoretical treatment of the equilibrium equations of states is discussed 
for a graded multiple delay system with two subgroup and sequential hunting as an ex- 
ample. The method of the artificial traffic trials used in this study are discussed, and 
some results of the two-subgroup and four-subgroup gradings, with ten-availability and 
sequential hunting, are shown. 

These results are illustrated by the figures in this paper. It should be noted that these 
results are within the limiting curves which are the load curves of two different full- 
availability groups. 

Further, the analogy to the graded multiple loss system is discussed and the approximate 
methods for estimating the efficiency of gradings with a delay system, with the knowledge 
on the same gradings for a loss system are introduced. 

Using the results of loss systems, which are obtained by means of an electronic artificial 
traffic analyzer, the curves of the probability of delay and average waiting time are esti- 
mated, and compared with the above results by the computer. The analyzer was installed 
in our laboratory and is exclusively used for the graded multiple loss systems with se- 
quential hunting. 

In the case of two-subgroup gradings, the measured traffic carried by common trunks of 
a loss system is compared with that of a delay system. 

When the situation that some of delayed calls depart without being served is not negli- 
gible, the proportion of departed calls will sometimes be taken as a grade of service. 
Finally these are discussed and an approximate method of estimating this proportion is 


introduced for the case of the graded multiple delay systems. 


1. Introduction 
In recent times, common controlled auto- 
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matic telephone exchange systems are rapidly 
expanding anddelay systems are becoming 
more widely used. In the past the delay 
system has been used mainly in manual type 
exchanges. In such cases, a comparatively 
long waiting time may be allowed and the 
time is only the grade of service for the 
subscribers. 

In the arrangement of common devices, in 
a common controlled exchange system, the 


4 


length of waiting time has a direct effect on 
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the required number of waiting devices. This 
must be taken into consideration in the de- 
sign of the arrangement of these devices. 
Therefore, a long waiting time will not gener- 
ally be allowed. Also, the arrangement of 
common devices include fundamentally a com- 
plicated traffic problem which is called “multi- 
stage waiting.” For example, as shown in 
Fig. 11, the waiting time that B waits for C 
is included in the holding time of B, and the 
waiting time that A waits for B is included 
in the holding time of A, and so on. In an 
example of common controlled exchange 
systems, A is an incoming register, B is a 
marker and C is a translator. Therefore, all 
successive arrangements from incoming lines 
to the last devices must be treated as one 
traffic system. However, the multistage wait- 
ing systems, even in very simple cases, are 
not yet completely or precisely solved. 

In practical use the arrangement of each 
stage is regarded as an independent traffic 
model, and is compensated so that the mean 
operating time of the considered device, added 
to the average waiting time in the later 
stages, is used as the average holding time 
of the devices. 

Such approximations are inevitable, but 
there is one more problem. That is, since 
many connection wires are necessary for the 
connection of the successive different devices, 
the full availability arrangements are some- 
times not economical. Then the link system 
or the graded multiple system is generally 


Incoming line DeviceA DeviceB  DeviceCc 


Incoming line 
Device A 


Device B 


Device C 


0: Origination R +: Termination 


C : Catch W : Wait 


Fig. 1.1—Multistage waiting. 


used. Moreover these are generally delay 
type systems. 

The traffic problems with link systems or 
graded multiple systems have hardly been 
investigated in detail for delay type systems. 
A graded multiple delay system has also 
been used at the multiple of line switches in 
Strowger exchange system and at the ar- 
rangement of operators in the manual record- 
ing boards. 

This study attempted to determine the ef- 
ficiency of the graded multiple delay systems 
with sequential hunting. The theoretical treat- 
ment is very difficult, as it will be described 
first. Therefore, a series of artificial traffic 
trials was performed by means of an elec- 
tronic digital computer in our laboratory. 
These method and results are shown in this 
paper. 

It may be possible that traffic load curves 
with many usable grading forms can be ob- 
tained by the above method, but it would be 
very laborious. However, the detailed experi- 
mental results concerning graded multiple loss 
systems with sequential hunting are known. 
Therefore, the analogy between delay systems 
and loss systems with the same grading forms 
will be discussed. 

An approximate method is introduced in 
this paper estimate the traffic capacity of 
delay type systems from that of the loss 
systems with the same grading forms, where 
the results obtained by means of the electro- 
nic antificial traffic analyzer for loss type 
systems are used. 


2. Equation of State with 2-Subgroup 
Grading 


The required size for a graded multiple 
delay system is smaller than for a graded 
multiple loss system. However, it is similar 
to the loss system in that the traffic problems 
are very difficult to solve theoretically because 
of the hypercomplex functions. 

The delay system with grading becomes 
more complicated because the restriction with 
the servicing of calls waiting simultaneous in 
several subgroups must be taken into con- 
sideration. Therefore, even for a simple case 
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such as the delay system with 2 subgroups; 
2-availability; and 3 trunks; the theoretical 
analysis is very difficult. 

These circumstances will be discussed by 
introducing the equations of states in equl- 
librium for the graded multiple delay system 
with 2 subgroups and sequential hunting, as 
shown Fig. 2.1. 


— fj N3 


No, 1 Subgroup 41 - O O---O ia ie 
No. 2 Subgroup @2 —- O O---O nee i 
_——— n2—~ 


Fig. 2.1.—Two-subgroup grading. 


Let »,; be the number of individual trunks 
of No.1 subgroup, 22 be that of No.2  sub- 
group and 3; be the number of common 
trunks. 

In practical use, generally 


Ny, +N3=N2+N3 = No 


where 7 is the availability of the grading. 

It will be assumed that all calls are similar 
and independent of each other, both origi- 
nation and termination of the calls are pure 
chance, there is no early departure of delayed 
calls and that the number of sources, the 
maximum number of delayed calls and the 
maximum length of waiting time are infinite. 

Let a, a: be traffic offered to No.1, No. 
2 subgroups respectively. Let p(z, 7, R, 1,, 12) 
be the, in equilibrium, probability of state 
(2, 7, k, li, lz) that 2 out of m, 7 out of mp 
and k out of ms trunks are busy and the 
number of delayed calls of No.1 and No. 2 
subgroups are /;, J, respectively. 

Now, some other assumptions are neces- 
sary concerning the servicing order of the 
delayed calls. When it is desired to deter- 
mine the probability of delay or the average 
waiting time, it will not always be necessary 
to consider the servicing order in the case of 
a full-availability group. 


REVIEW OF THE ELECTRICAL COMMUNICATION LABORATORY 


In the present case, it is necessary to de- 
termine which subgroups should be served 
when one of the common trunks which are 
all busy, will become free at the state (/,>1, 
=i), 

The following three different methods may 
be found. 

Restriction (1); It is discriminated for all 
calls that in which subgroups the call is 
waiting, but all of the delayed calls in the 
different subgroups are in order according 
to their arrival times. The delayed calls 
are then allocated to common trunks in the 
arrival order. 

Restriction (2); In the case of state (J; >1, 
1,>1), each subgroup is chosen in the pro- 
bability of 1/2 independently of the values 
of l; and lo. Let gil, ls), gol, 1) be the 
probabilities that No. 1 and No. 2 subgroups 
are served respectively, and then 


gpinjHa, y= Ze tae 
A Wye 1 Ch on is) 
Restriction (3); Each subgroup is chosen in 


the probability proportional to J; and dy. 
That is 


li 3 
5 ’ 2 l;, l, ae . 
+s 82 : Lj+1, 


£1, l2) = 


In the case of an automatic telephone ex- 
change system, etc., it is generally very dif- 
ficult to identify the arrival order of all calls. 

Therefore, the restriction (1) is not appro- 
priate. 

Considering restriction (3), then the equi- 
ribulium equations of state will take the 
following forms. 

For simplicity, put 


dG, j, k, 0,0) = PG, j, Rk) 
PM, J, 113, li, 0) =Q, i) 
DG, Nz, 3, 0, 12) =Q2(i, le) 


PMN, Nz, 3, 11, 12) =RC, 12) 
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and use the notations as +( yt aaa VR, b+ D 
dG=m)={) eqs 
0 Gm) where probabilities P(—1,j,&), P(:+1,/, ), 

- that over the ranges, are zero. 


The supplementary equation is provided by 
the normalizing condition: 


CY 0st, 0x7=n,, O=ha75; 11=0) 12 =0 
(Q+@2.+1+j+k)P, j, k) 
Ie 5 are AL n2 Na n2—l1 © 
=a,P(1—1, j, k)+a2P(i, j—1, k) ay pa Dy Poy; k)+ ye we QC), 1) 
i=0 j=0 k=0 j=0 h=1 
+ {a0 =n) +.426( j=nz)} PC, j, R-1) 


ni-l1 © 


oe . ee +X LOGh+ OY  RG,b) 
pe POG kag 1) PG, 7+, k) fede od peat 


+(R+1) PQ, j, R+1)+6(i=n1:)6(R=n,) =RhOO)—1: al) 
X (m1 +13) QJ, D +6 f= m2) 6(R=N3) 


In the case when restriction (2) is used, 
Onn Org Db. only equation (4) is replaced by the follow- 


2) i=m, 0<j<m—1, k=; 1,21, h=0 , 
(2) 1 1 J 3 1 2 (4)’ i=m, j=, k=ns; 1,>0, 1b>0 


(Qi t+a2+m+j+73)Qi(), Ly) 
; ee C4, + 42+ +N2+N3) RC, lr) 
=aQics i—-1) +a2.Q,G-1, h) 

=a,0(1,=0) Q2(m —1, L2) 
+@4+DQi04+1, l0+0m4+73)0:C%, 44D. 
+ €20(1,=0) Qi (m2—I, 11) 
} — j= =F) — (Noell ; ; 
(3) 0<i<n 1, J N2, ice | 2 + (a, +a2)00,=0)602=0) PO, No, N3—1) 
9 J etn 2(1, Ip 

aera) 2) ARC =i ha RAI) 

=a,Q2(i—-1, lz) +a2Q2(4, 12-1) 


+{ pepe msde) fy LRc+1, I») 
+ (4+1)Q24+1, le) + (M2 +13) O24, +1). 2 
(4) i=m, j=m, k=n3, 120, 20 + Nz+ te D | Rly b+). 
(ay +a.+m+n2+N73) Rh, lo) 
‘ te In the case of a loss system with the same 
NE cay grading form, only equations similar to equ- 
= = ation (1) remain. Even in such a simple case 
Ia cami the analysis is very complex as solved by 
C1) 
5(1,=0)6 (ls =0) Pm, M2, 23-1) C. Palm. 

eee In the present case, the analysis becomes 
+a,R(,—-1, le) + +a2R Ch, 2-1) more complicated due to equation (4). Tenta- 


tively, let Y(2z,y) be the generating function 
with R(d;, 2). Then equation (4) is converted 
into the following first order partial differen- 


lied 
=( na h+h+1 


Zh RUHL, I) 
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tial equation. 


x{a,1—x«xyta,1—y)xy— (+73) 1-x*)y 


+y{a1—y)xy 


Ov (x 
A eae) OV (x, y) 


im 
OX 


+a:,(1—x)xy—(n2+n3) 1—y)x—m(1—*) y} 


eo ey) yigttraDaalayeD 
oy 
—(my+notns)}¥ (x, y)+F Cone) 
= , OF (0, y) 
Feaxy X (24+1)Q2(m—-1, b)y2-—my* : y 
~ 12=0 oy 
oo AV (x, 0) 
+taxy 3) (+1) Q1, 0-1, 1) x1 — npx* : 
“h=0 Ox 


+ (a,+a@2)xyP(1, 2, 23—1). 


Y(0,y) and Y(2,0) are included in F, and 
these do not vanish by using equations (2) 
and (3). Regarding ¥(2z, 0), Y(y, 0) as known 
functions, it is then possible to reduce (5.3) 
to ordinary differential equations, but the 
equations will be non-linear. Their general 
method of integration is not yet known. 

This difficulity is similar in the most simple 
case when 2;=n;=n;=1. 

However exact solutions for simple struc- 
tures with a small number of trunks may be 
investigated by solving the matrix equations 
of states, the performance will also be more 
difficult than for the case of loss systems 
with grading. 

If required, these equation could be solved 
numerically with the help of computers, by 
similar method as used by N. I. Bech‘ for 
loss systems. Also, in the case of such a 
computer method‘ for solving the equations 
of states, there will be the added difficulty 
due to the number of states being infinite 
for delay systems. 


3. Method of the Trials 


It is known that an artificial traffic trial 
using a digital computer is an extremely 
valuables method for solving the traffic ca- 
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pacity of complicated arrangements of ex- 
change device groups.‘ Detailed investi- 
gations of two-stage link systems, using this 
method have been reported.°”’ 


OO —— 
1 20 30 4° b* 65 7eSae a0 
No. 1 Subgroup @ @ @ I i l e @ 
Ue 
jee 
No. 2 Subgroup @ ®@ oe 0.00 9 O 
12.3. 40548 
No. 3 Subgroup @ @ @ @ I O oO 
Fis 
ee 6s] 
No. 4 Subgroup @ @ @OOO0OO0OQO0OO0OC 


Hunting direction 


Fig. 3.1—Example of graded multiple delay 
systems experimened (number of 
subgroups: g=4, availability: = 
10, sequential hunting). 


Therefore, some of the methods described 
here are not original, but the outline of the 
methods of trials used to obtain the results 
mentioned in the next section will be stated. 

The experiments have been limited to step- 
up graded multiple delay systems with g 
subgroups, 7-availability and sequential hunt- 
ing as shown in Fig.3.1. The trunks are 
devided into g groups corresponding to each 
subgroup. Let 77% be the number of trunks 
of the trunk group corresponding to No.2 
subgroup (¢=1, 2, ----, g). Traffic sources are 
infinite and the assumptions for calls are 
simply, equal to those in the Erlang’s model. 
The following notations are used: 

a;: trafic offered to No.7 subgroup 

a: sum of a; 

C;: the number of calls offered to No. i 

subgroup during a measuring interval. 

C® sumcten a 

L,: the number of simultaneous waiting 

calls of No.7 subgroup 

L: sum of L; 

C.:: the number of calls of No.7 subgroup 

delayed during a measuring interval 

Ge: sum on Ge. 

A delay system is treated. Therefore, if it is 
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desired to obtain the distribution of waiting 
time, the time of origination or termination 
of all calls will have to be taken into con- 
sideration during the traffic trials. For the 
present, our object of this research is to de- 
termine the average waiting time and the 
probability of delay. Then only the events 
of origination and termination of calls will 
be considered in the trials. 

A series of pseudo-random numibers, Rj, 
Rs, ++++ is used, and 

Inca Ik, (General 2) 

where Ry is an arbitrary odd number and 
generally 


Ry=2910 5181 6899 or 
Ry=95 2049 3187 


are used. Ry) is changed in the case when 
many experiments are repeated. 

R,, is divided, successively from the first 
binary digits, per the required number of 
binary digits for the effecting of events. 

The subdivisions are successively used and 
R, is used until the remaining number of 
digits becomes smaller than the required 
number of digits. Then next number R,,; is 
originated. The required number of digits 
is predetermined for each experiment. 

Let Q be the number shown by the sub- 
division. 

The origination of a new call from No.z 
subgroup (<=1, 2, ----,g) is effected, when 


i-1 i ; 
Sa <QOK< Va; (QH=0). 
j=0 j=0 


The termination of one of the busy trunks 
in No. trunks group is effected, when 


cen Lea x aj+ si Wy 
j=0 j=l j=0 j=1 
where each trunk of the group corresponds, 
one by one, to Q within the above range. 
The different locations on R, are used for 
every requirement in order to effect the 
subgroup, in which one of the delayed calls 


will be connected, according to an assumed 
restriction. 

Restriction (3), mentioned in. the preceding 
section, was used in the first stage. That is, 
each subgroup is chosen in the probability 
proportional to the number of waiting calls 
of the concerned subgroups. Concerning the 
delayed calls of each subgroup, no-pseudo- 
random number is used for the allocation of 
the delayed calls to a trunk became free. 

R is not referred to, for effecting the 
sampling of the numbers Z;, L of simul- 
taneous delayed calls, but the sampling is 
effected every time a call is originated. It is 
considered that the randomness of sampling 
will not be disturbed because of the assump- 
tions of pure chance calls and infinite sources. 

The average waiting time, W, and the 
probability M(0) of delay are calculated by, 


L ee 
We, MO=— 
EG 


Every time the number of originated calls 
amounts to specified numbers, the transit re- 
sults are printed without releasing the states 
of holding or waiting calls. Then one ex- 
periment is finished after a predetermined 
number of calls. 

Gradings with various numbers of trunks 
and various forms of multiple were tried. Of 
course, the conditions are designated on multi- 
ple patern memories, and the designation is 
very simple because the number of each multi- 
pled outlet corresponds to the same number 
of the subgroup in the case of a step-up 
multiple. A simplified flow chart for the trial 
is shown in Fig. 3.2. 

The computer was used the degital electro- 
nic computer named M1-B which was de- 
veloped in our laboratory several years ago. 
The computer uses parametrons for logical 
elements and the calculating speed is a little 
slow. Therefore, about 2 hours were needed 
for one trail series of 10,000 calls. 


4. Experimental Results 


In the case of graded multiple delay systems 
with 10-availability, the results obtained for 
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Generate Origination from|Yes | Sampling ard Yes ihe ae OF 
Start t—>| No. j subgroup ? etl oC andi 
R iv p 
Gi 1,222 8) Amounted to 
Lott | given number ? 
no 
| no 
ination of 
cata of Yes Outlets of No.i |yes} Cwi +19Cwi 
ai b fd subgroup all 
a \eocas ees busy ? Cwt+1OCw 
ee no | no 
] 
Yes The trunk Choose one free 
free ? trunk according 
J hunting pattern 
no | 
L—1>>L < The numbers | 
| i Y delayed ee Hold the trunk, 
atin as adjust holding 
; memory 
Soa vials according to 
pecuding 10 | Yes Pe grading pattern 
restriction of ; 
: Terminate the 
eee ul trunk, adjust 
| holding memory 
according to 
For the subgroup grading pattern 
ie ay 
Fig. 3.2—Simplified flow chart for the trials. 
two-subgroup gradings and four-subgroup grad- 1.0 10 
ings are shown in Table 4.1 and 4.2 respect- TEE oeperceres : 
ively. ni BG a Sa ae a 
In order to exclude trangent states, the ; 9 
first 1000 calls were not used in differentiat- = 
. . ee UV = 1 n 
ing the experiment conditions. pas ey 
These results are ploted by black dots in a 5 5 2 
y : 
Figs. 4.1~4.7 which show the variations of So  3t- ae 
the probability M(0) of delay and those of = ? Full— availability | ? os 
eae . . oO rou — oO 
average waiting time W/h with the average 246 Os te at = a 
efficiency a/n of trunks. : =a ee 
. “y° . hr 7 TT] — 
The curve of a full-availability group with S ; eee 
eee 7 A+—}—j—1_113 < 
my trunks (%)=10: availability of the research- = |= availability group |, i 
: : a6 n=12 ht x< 
ed gradings) and that of a_full-availability re 
group with the same number of trunks as = oe === 
the corresponding grading group are simul- ++ + +45 
taneously shown, as the upper and lower limit- 4 - 3 
ing curves. It is considered that the curve ] 2 
= ji | 
for a grading group will be placed between | 10° 


.8 a2 


both curves, like in the case of loss systems. Ki 


The curve shown by a broken line in each 
figures is the value estimated from the case 
of a loss system with the same grading form, 
obtained by the approximation method which 


a@/n= Average Efficiency 


Fig. 4.1—Experimental results shown on the 
limiting curves given by full-availa- 
billty groups (7=12, 2 subgroups). 
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yl 
Table 4.1. 
THE EXPERIMENTAL RESULTS FOR 2-SUBGROUP GRADINGS 
Obtained Trafhe ee Average 
Number Predeter- | Number of : Probability | Average ee 
of trunks mined offered calls offered carried by of delay | waiting time efficiency of| Grading 
“ oleae C trafic a common M(0) Wh trunk form 
to deal, trunks a/n % 
10000 5. 02 De Bil 0053 00052 41,8 
> i; 98 2.34 0067 00094 sales 
Wa . 88 3. 08 0167 00206 49.0 
° y 5. 92 Bae 0223 00383 49.3 
12 Ls : : —|— =| Fig. 4. 1 
| yy 6.98 3.99 0599 00933 58.2 
fi | y 7.06 4,08 0755 0169 58. 8 
| y 8. 00 4. 86 . 139 0298 66. 7 
. y 8.18 5.01 162 0529 68. 2 
| yy 90 1.76 0111 00107 49.3 
Can y fae 1. 86 0245 00498 50.8 
: y 7. 98 748 0423 00691 56.9 
| 
a y 8. 10 2.50 0508 00923 57.9 
14 : ‘ = T Fig. 4. 2 
| y 8.91 3.01 0910 0180 63.6 
2 4 y 9.00 3.09 113 0263 64. 
y, 9. 85 3. 65 mits 0379 70. 3 
as y 10. 10 3. 84 . 208 0634 72. 
| yy 8. 96 1, 24 0368 00590 56. 0 
ae yy 8.78 1.21 0332 00458 54.9 
; | y 9.95 1.69 0752 0134 62.2 
| yy 9. 90 66 0653 0132 61.8 
Ge write | - = ; aiea === zs Fig. 4.3 
| yy 11.15 2,23 _ 167 0390 69.7 
ea Y 10. 77 2.13 2137 0264 67.3 
; 7. 11. 84 2.58 245 0861 74.0 
a y 12.15 2.76 286 0987 75.7 
; - yy 10.95 0.74 0812 0159 60. 8 
a y, 10. 93 0.73 0898 0240 60. 8 
= ae 11.79 "0.94 134 0313 65.5 
He y 12. 02 1.02 148 0387 66. 8 
18 s —— — a <= Fig. 4.4 
y, 12,70 TGs 188 0551 70.6 
e y 13. 09 1,21 245 0897 72.6 
a Pon74 Th Si 300 106 76. 4 
a y 13. 96 1.42 337 161 77.5 
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Table 4.2 


THE EXPERIMENTAL RESULTS FOR 4-SUBGROUP GRADINGS 
ee 


Number of] Predeter. | NUBDS°! | csered traffic| Probability of] Average | Average || Grading 
es Oe pica calls MO) Wih ajn % — 
n trafhe C in Erl. / 
| a” ; 

6.5 | 10000 6. 38 0020 00031 | 39.8 
8.0. | y | 7.99 0194 00586 49.9 

% ao oN Y 9, 33 0444 eee i : Fig. 4.5 
11.0 y | 11. 20 Buel! 0515 76. 2 
12.5 | y 12. 80 359 127 80. 0 
14.0 y, 13. 88 528 247 86.7 
8.0 y, 8. 04 0009 000025 36.7 
10.0 | y | 9.94 0047 00110 45.2 
12.0 y 11. 82 0184 00258 53.7 

22 14.0 y 13, 98 0832 0170 63.5 Fig. 4.6 
16. 0 y 15. 84 176 0376 71.1 
18.0 y 18. 22 _ 436 207 82.9 
20.0 y, 20. 34 706 442 95.0 
10. 0 y 9. 88 0010 000111 35.3 
12.5 y 12. 56 0042 00039 44.9 
15. 0 y, 14, 73 0144 00301 52. 6 

28 17.5 y 17. 95 0833 0151 64.1 Fig. 4.7 
20.0 y 19. 79 159 0360 70.7 
22.5 y 22. 32 347 ie 79.7 
25.0 y, 25.12 621 363 90. 2 


will be mentioned in the next section. 

A few results, indicated by dots, are placed 
out of the lower limiting curve. These are 
found to occur in the case when the _ initial 
number, Ro, of the pseudo-random numbers, 
was one special value, but which may be 
chance despersion. 

In each Figs. 4.5~4.7, let a, a, be the 
offered traffic for the upper and lower limiting 


curve respectively, for the case when M(0) 
or W/h is arbitrarily fixed. 


The intermediate curve shown by a chain 
line is given by 


a al a es ay ) 

m 2 4, n 
for both of M(0) and W/h. 
In the case of M(0) in Figs.4.5 and 4.6, 
it was interesting to find that most of the 


experimental results are located on the chain 
curve, while the experimental values of W/h 


(4.1) 
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a /n=Average Efficiency of Trunks 


Fig. 4.2—Experimental results shown on the 
limiting curves given by full-availa- 
bility groups (7=14, 2 subgroups). 


a /n=Average Efficiency of Trunk 
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Fig. 4.3—Experimental results shown on the 
limiting curves given by full-availa- 
bility groups (v=16, 2 subgroups). 
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Fig. 4.4—Experimental results shown on the 
limiting curves given by full-availa- 
bility groups (7=18, 2 subgroups). 
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Fig. 4.5—Experimental results shown on the 
limiting curves given by full-availa- 
bility groups (7=16, 4 subgroups). 
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REVIEW OF THE ELECTRICAL COMMUNICATION LABORATORY 


1.0 =; 10 
Me eee SAS 7 
5 Lil 5 

Re MCE TEI! : 
3 Number of trunks 3 
2 ip — PP) a 

Full — availabili 

le eal 

10 | 4 1.0 
7 3a | rou i 7 
[aa amelie 5 
3 tw /b 3 
2 availabilit 2 

101 10 
7 7 
5 5 
3 availability group |> 
2 | 2 

10 F = 10 
Ne { |7 
5 ; 5 
3+ | 3 
2t/ ee 

10° | 10° 
4 5 6 a7 3 9 1.0 


a /n=Average Efficiency of Trunk 


W/b =Average Waiting Time 


Fig. 4.6—Experimental results shown on the 
limiting curves given by full-availa- 
bility groups (7=22, 4 subgroups). 
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Fig. 4.7—Experimental results shown on the 
limiting curves given by full-availa- 
bility groups (7=28, 4 subgroups). 


do not fall on this curve. It is thought that 
additional experiments using more calls are 
necessary. 


5. Analogy from Loss Systems 


Consider a full-availability group with x 
trunks and offered traffic a. Let F2,,(a) be 
the Erlang delay formula and W be the 
average waiting time in the case when the 
group is a delay system. Let £,,,(a) be the 
Erlang loss formula in the case when the 
group is a loss system. Following relations 
are known. 


W Ey, n( a) _ 


ae = al 

Ep, n(@) (n—a)+a E, »(a) 
WwW 

SiMe ae 6.2) 
h n—a 


where fh is the average holding time. 

Let 7 be the rate of the increase in the 
congestion when a loss system is changed 
into a delay system in the full-availability 
group, and 7(n,a) be the average efficiency 
of the trunks in the case of a loss system. 
From (5.1) 


Bee E,, n(@) ie 
g eon n (a) | 
= n | _. kaya) 
“a (pp ee eer ean 
LS Ea aan 
n | ) 
That is, 7 can be expressed as a function 


of only 7(n,a). Therefore, as one approxi- 
mate method to determine the traffic capacity 
of a graded multiple delay system, it may be 
determined that the relationship of (5.3) can 
be adapted to the transition of the congestion 
in the case when a loss system is changed 
into a delay system in a graded multiple 
group. 

Graded multiple loss systems with sequential 
hunting have been investigated for a long 
time by many investigators. In recent years, 
many detailed numerical relationship have 


VOLUME 9, NUMBERS 9-10, SEPTEMBER-OCTOBER, 1961 Sys; 


been determined by using artificial _ traffic 
analysers.“°“? The good approximate method 
called “equivalent random theory” is also 
known.‘ 

Likewise, in‘ our laboratory, an_ artificial 
traffic analyser exclusively usable for graded 
multiple loss systems with sequential hunting 
was developed in 1956, which uses thermal 
noise in a resistor for the call sources and 
decatrons for counters. And the researches 
using this analyser has been used for many 
investigations.“!” 

Some examples of the results obtained, 
using the analyser, are shown in Table 5.1 
with some of the grading forms (10-availabili- 
ty) which were determined to be most ef- 
ficient by using the analyser. 

The load curves estimated from the results 
are shown in Figs. 5.1 and 5.2, which show 
the variation in the loss with the average 
offered traffic per trunk. For reference, similar 
curves of full-availability groups with (n=10, 
n=22) (n=10, »=30) are shown in the figures, 
respectively. It is well known that the curve 
of a grading group will be found between 
the curves of the full-availability groups. 

Curve M is the estimated probability of 
delay (in same scale as loss) for the delay 
system with the same form of grading, which 
is obtained by adapting (5.3) to curve B. 
Curves for corresponding  full-availability 
groups are also shown. 

The curve of M(0) shown by a broken 
line in each of the Figs. 4.1~4.6, was esti- 
mated by the above method. The experiment- 
al results of loss systems are not shown here, 
but those are based on curves of loss obtain- 
ed by means of artifical trials on the analyser 
with several hundred thouthand calls offered. 

In the case of average waiting time, it 
appears that (5.2) can not be adapted to the 
M(0) estimated by the above method. Where- 
as, if the number of individual trunks of each 
subgroup increases, dg ad (Ng %) and then 


ee) M(0) 
h g 


It is clearly illogical. 


Therefore, let us put 


Wi 1 
eg ae (5.4) 


Where », is the number of trunks in a 
full-availability group which will have the 
same M(0) as the considered graded multiple 
group has for the same average efficiency of 
trunks. 2; is not always represented by one 
value for all a/n. For example, »,=12.8 for 
ajn=0.5, but m,;=12.0 for a/n=0.8 in Fig. 
4.8. 

The curve of W/h shown by a broken 
line in each of the Figs. 4.1~4.6 was ploted 
by (5.4). For reference, a curve ploted by 
(5.2) is shown by a dotted line. 

That we make use of (5.3) and (5.4) for 
the estimation, is finally the same as_ the 
following. That is, the number of trunks, 
n, of a fuil-availability group which will have 
the same probability of loss as the consider- 
ed graded multiple loss system for a given 
average efficiency of trunks is first determin- 
ated. Then the M(0) and W/hA of the full- 
availability group with m, trunks are regard- 
ed as those of the delay system with the 
same form of grading. 

As indicated in Figs. 4.1~4.6, the above 
estimating method may be considered nearly 
adoptable but lies a little on the safety side. 

On the other hand, it must be noticed that 
the restriction of servicing of delayed calls is 
not taken into consideration. More researches 
through artificial traffic trials will be neces- 
sary in order to determine the effect of the 
restriction. 

Now the traffic carried by trunks will be 
considered. On a full-availability group with 
n trunks and offered traffic a@ and with se- 
quential hunting, let the traffic carried by 
trunks latter than No.7 outlet be A,(v+1) in 
the case of a loss system and be Ayw(r+1) 
in the case of a delay system. 

It is well known‘'” that these are given 


by 


Ar(r+1) =a{E,(a) —En@@} 


Table 5.1 


THE RESULTS BY 
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THE TRAFFIC ANALYSER WITH GRADED MULTIPLE Loss SYSTEMS 


ee Cee a 
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“a /n=Offered Traffic per Trunk 


Fig. 5.1—Probability of loss in a graded multi- 


ple loss systems obtained by means 
of an artificial traffic analyser. 


a /n=Offered Traffic per Trunk 


Fig. 5.2—Probability of loss in a graded multi- 


ple loss systems obtained by means 
of an artificial traffic analyser. 
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a{E,(a)—E,(a)} +(n—)—*— FE, (a) 
Ae) = —— n—a ‘ 


‘em 


n—a 


: (So) 


En(a@) 


Consider the case when traffic a is offered 
to each subgroup of a 2-subgroup graded 
multiple group that latter outlets than No. r 
are commoned. Let half of the traffic carried 
by the common trunks be Azc(r+1) in the 
case of a loss system, and be Aywe(r+1) in 
the case of a delay system. Generally 


Ar(r+1)<Are(r+), Aw(rt) <Awe(r+]) 


Some of the value of Aze(r+1 and Awe 
(v+1) were obtained by the artificial trials. 
These are shown in Fig.5.3 and also the 
value obtained by (5.5) are shown simul- 


hoy L2tell = 


[es) 


ine) 


oo 


je) 


Traffic ‘Carried by Trunks latter than No. outlet, 


a=Offered Traffic in Erl. 


: full-availability group with 10 trunks 

: graded multiple group with 2 subgroups 
and 10-availability 

: delay system 

: loss system. 


ns Oy 


Fig. 5.3—Comparison of traffic carried by 
trunks latter than No.7 outlet 


(availability 2%)=10). 


taneously for comparison. Within the range 
of the experiment, the following was found. 


Ar(r+1) = Aye( 74-1). 
6. Analogy for Early Departure 


In the preceding sections, it was one of 
the basic assumptions that all delayed calls 
wait until served. However, consideration 
must sometimes be given to the situation 
where some of the delayed calls depart with- 
out being served, such as cases where origi- 
nating registers are waited in common con- 
troll exchange systems. Also in some cases 
the measure of grade of service may not be 
the average waiting time or the probability 
of delay, but the propotion of departed calls 
will be taken as the measure in some cases. 

In the case when the distribution of time 
until departure may be assumed to be a 
negative exponential distribution, with mean 
h/s, the stationally queuing problems on a 
full-availability system M/M/n was _ solved 
exactly.'% Let R be the proportion of de- 
parted calls, and then“'” 


co l 
ba, oll @ 11 5 
iad 2 j=] N+1S 


. l 
a = Z a 
1+E , ph) Til ay 5 
i 2 Mis 


(6. 1) 


The expression is illustrated in Fig. 6.1 as 
an example which shows the variation of R 
with s for various values of 2 where a is 
given with the various values of ” to be R= 
Hea —0.0l when) sco, Of course, R 
varies with ». It is, however, interesting to 
notice that the variation of R for the variat- 
ion of » decreases rapidly as m becomes 
larger. 

In the exchange systems of transit or ter- 
minal offices which receive subscriber dial 
pulses through incoming trunks, the connect- 
ion to the incoming registers is generally 
controlled during the pause between success- 
ive pulse trains. In such cases of queuing 
problems, the consideration of the proportion 
of departed calls is very effective. 
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Proportion of Departed Calls 


R 


Fig. 6.1—Variation of the proportion/of 
departed calls with S. 


Pulse train Departure of the call 
/ 


Incoming line Pulse train 
Incoming register a 
| Origination 1 ; 
All busy of call One of registers 


becomes free 


Fig. 6.2—Early departure in the case of dial 
pulse incoming register. 


oO 
= 


oO 
[e) 
oO 


Number of Trunks 


Proportion of Departed Calls 


n 


R 


Offered Traffic a in Erl. (when loss=0. 01, s =00) 


Fig.6.3—The method of estimating the pro- 
perties of departed calls with graded 
multiple delay systems (grading with 
10-availability and step-up multiple 
form). 


The arrangement of incoming registers is 
generally designed as a delay system. If the 
delay time for a call becomes longer, and 
the next pulse train begins before a_ register 
is prepared to receive it, then a busy signal 
will be sent in order to avoid a wrong con- 
nection. The probability that the busy signal 
will be sent, may be used as a grade of 
service. 

In such a case, as shown in Fig. 6.2, the 
event that the next pulse train begins may 
be regarded as the early departure. There- 
fore, if it may be assumed that the length of 
remaining pause and the holding time of the 
register are distributed exponentially with 
means 7 and A respectively, the problem will 
be adapted to the model of (6.1). 

For example, put <=500 ms, h=15 sec, and 
then s=30. Since s is generally large like 
this, the delay system is close to a loss 
system. 

Now consider the case when the registers 
are arranged with graded multiples. It will 
also be required to determine the proportion 
of departed calls in the graded multiple delay 
system. 

Corresponding to Fig.6.1, as shown in 
Fig. 6.3, the variation of R can be illustrated 
with the offered traffic a which is so given 
that R=E,,,(a) becomes a given constant 
when s=co, The ttraffic load curves for a 
given loss are practically usable for graded 
multiple loss systems where s=oo, 

The following approximate method using 
them may be considered to be useful. That 
is, the proportion of departed calls for s=s, 
in a graded multiple delay system with 
trunks to which is offered the same traffic as 
for a given loss B when s=co, is assumed to 
be equal to the R for s=s, in the full-availa- 
bility group with 2) trunks (7<m,), to which 
the above same traffic is offered for the above 
same loss B when s=oo, 

The traffic load curves for a full-availability 
loss system and for a step-up graded multiple 
loss system with 10-availability and sequential 
hunting are shown simultaneously in Fig. 6.3. 

For example, in the case of the full-availa- 
bility group with »=27 to which the same 
trafic a=17.7 E,l. as for E,.(a)=0.01 when 


VOLUME 9, NUMBERS 9-10, SEPTEMBER-OCTOBER, 1961 579 


s=oco is offered, it will be found that the 
proportion R,;=0. 0073 for s=20. On the other 
hand, according to the above method, it can 
be found that the proportion R»—0.0074 for 
s=20 in the case of the grading with n=927, 
because a=13.7 E:l. for B=0.01 when s=co 
in the grading and the corresponding full- 
availability group is that with n=22, 

When s is larger than about 20, it may be 
no hindrance for practical use that the pro- 
portion of departed calls of a grading is put 
more roughly to be equal to that of a full- 
availability group with the same number of 
trunks and loss as the grading when s=oo, 
because R;=R, in the above example. 


7. Conclusion 


The efficiency of graded multiple delay 
systems with sequential hunting was discuss- 
ed, being based on the results of artificial 
traffic trials by means of a digital computer. 
For practical use, it was mentioned that the 
efficiency of the delay system can be estimat- 
ed from the knowledge of a loss system with 
the same form of grading. 

Since the results obtained are dispersive, 
especially for the average waiting time, more 
experiments will be necessary before obtain- 
ing a more detailed conclusion. 

In the case of graded multiple delay systems, 
the restriction of servicing of delayed calls 
must have influence on the probability of 
delay and the average waiting time. Some- 
times distribution of waiting time will also be 
required. These are thought to be some of 
the future problems. 

In this paper, only the case with sequential 
hunting was discussed, but a graded multiple 
delay system with random hunting will also 
be important in automatic exchange systems. 

Finally, the author wishes to state that the 
following is considered to be one of the pro- 
blems of this investigation. 

How can detailed results be obtained through 
artificial traffic trials by means of a digital 
computer, especially on a delay system? It 
must be investigated further with the de- 
velopment of computers with very large 
memory capacity and super high speed, where 


problems on a pseudo-random mumber_ will 
be especially important. 
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Thermosetting Plastic Swelled with 
Grainy Fillers (Plastic Concrete) 


Polyester resin swelled with grainy fillers is described in this paper. 


Nobuo MURAI} and Susumu MIZUNO+ 


The fillers are 


different in size, t.e., powder of calcium carbonate of 2-5p, iron sand of 100-2001, sand 


of 300-400" and stone of 3-5 mm. 


The mixing ratio for high workability and strength 


has been determined. The characteristics of the mixture thus obtained after curing, which 


is called Plastic Concrete (P.C.) are as follows: 


Compressive strength::++ 12kg/mm*; modulas of elasticity--+++ 2,000 kg/mm? ; flextural 


strength+++++ 8 kg/mm?. 


P.C. has now been used for crossarms and insulator housings. 


1. Introduction 


When plastic is used for construction, it 


usually requires reinforcement. F.R.P., (Fiber- 
glass Reinforced Plastics) for example, has very 
good mechanical characteristics and is used 
in motor cars, boats, etc. However, it is so 
expensive that its use is limited. 

Tests heve been made by the authors to 
swell thermosetting plastic with fillers. Name- 
ly, grains such as iron sand, sand and stone 
were mixed in polyester resin, and then the 
mixture was cured until P.C. was obtained. 
Measurements made of the mechanical charac- 
teristics of the P.C. indicated that it can be 
used for compressive materials. 


2. Condition of Swelling 


In compounding fillers in resin, care, must 
be taken to make the workability of the 


mt 


MS in Japanese received by the Electrical Communi- 
cation Laboratory on July 5, 1961. Originally publish- 
ed in the Kenkyi Zituyodka Hokoku (Electrical Com- 
munication Laboratory Technical Journal), N.V.T., 
Vol. 10, No. 10, pp. 2107-2127, 1961. 

Outside Plant Section. 


+ 


resin high before curing and its strength after 
curing high. 


2.1. Swelling Limit due to Size of 
Grains 


Supposing that the size of each filler is the 
same and the grains are of spherical shape, 
the theoretical limit of compounding fillers in 
resin is up to fn of 0.75, which is the maxi- 
mum value of f, i.e., the ratio of the total 
volume of resin including fillers to that of 
the fillers (to be called “filling ratio’’). Since, 
however, the actual fillers such as sand, stone 
etc. are not of spherical shape, f, will be a 
little smaller, something about 0.6-0.5. 

When the fillers are different in size, fn 
can be approximated as |]. Supposing that N 
kinds of fillers A, B, +++ N markedly diminish 
in diameter in order of A, B,+:+ N, and 
putting fa, fic fr. for f of the respective 
fillers and F for the overall filling ratio, the 
following relation may be obtained. 


I 1 


ee? (Swarr 


Whereas the maximum value of /4, fx, «+ 
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is about 0.5, value under 0.4 is used in prac- 
tice for the reasons mentioned later. Where 
four kinds of fillers are used, the swelling 
ratio of the resin can be increased up to 7 
or more. 


2.2. Swelling Limit due to Viscosity of 
Mixture 


When the size of the grains of the fillers 
used is the same, it may be said, from the 
viewpoint of the resistance of stirring and 
the difficulty of casting work (taken alto- 
gether, hereinafter to be referred to as work- 
ability) at the time when resin and fillers 
are mixed together, that the greater the size 
of grain, the higher the workability will be. 
However, when the size of the grain is great, 
the strength of the P.C. will not be as high 
and the value of f, can not be greater than 
0.75, as mentioned later. 

When a mixture of grains, which are 


40 


Ww 
oO 


ipo) 
10 


Index of Viscosity 


10 
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different in size, is used as a filler, not only 
a high swelling ratio but also a high work- 
ability can be obtained. Fig.1 shows the 
viscosity-workability-measured by putting the 
propeller, with a constant number of rota- 
tions, into the mixture, and measuring the 
value of torque of its shaft. 

It may be seen from the figure that fillers 
(7), @) and (9), whose particle diameters are 
distributed, have higher a, but lower viscosity 
as compared with fillers @, (),--.++ (6), whose 
particle diameters are the same. It may, 
further, be said that the resin with lower 
viscosity can be swollen more easily. In prac- 
tice, however, the resin is selected in many 
cases from an economical point of view. 


2.3. Relation between Compressive 
Strength and Swelling of P.C. 


When fillers of the same size are added to 
the resin, the compressive strength, o., of 


@ Titan white + Resin 

@ Calcium carbonate + Resin 

@ Sand 0. 25-0. 5mm +Resin 

@ Sand 0.5-1mm+Resin 

© Iron sand 0. 12-0. 25mm+Resin 

© Stone 1-2mm+Resin 

@ (Calcium carbonate 0.41+Resin 
0.59) + Sand 

® (Calcium carbonate 0.3+Resin 0.7) 
+ Iron sand 

©) (Calcium carbonate 0.2+Resin 0.8) 
+lron sand 


*m of spherical shape 


0.6 07 0.8 


Overall Filling Ratio 


1 2 3 4 5 
Swelling Ratio @ 


Fig. 1—Index of viscosity with swelling ratio. 
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P.C. after curing will diminish as the ratio 
of its swelling is increased. In this case, o¢ 
will diminish very rapidly, where f>0.7. 
The compressive strength will also diminish 
as the particle diameter increases. When, 
however, two or more kinds of fillers of dif- 
ferent size are mixed in the resin, o, will be 
greater than in the case where fillers of the 
same size are mixed, and this tendency will 
be conspicuous when F>0.7. An example of 
such a relation with porcelain grains used as 
the filler, is shown in Fig. 2. 


—— ———_ (Poredienin 20M 
—-—c—-— Porcelain 80M 
---<-- Porcelain 20M (0.5) +80M(0. 5) 


o-kg/mm2 


0 ORZ 0.4 0.6 0.8 1 
Filling Ratio F 


Fig. 2—Compressive strength o- with 
filling ratio F. 


2.4. Relation between Modulus of 
Elasticity and Swelling 


Modulus of elasticity E of P.C. lies between 
the modulus of elasticity of the resin Er and 
that of the filler Er. Supposing that the 
composition of the P.C. is microscopically 
made up of a gathering of unit cubes, in 
which resin and filler are piled up in series 
parallel (see Fig. 3), 


Oiled ie L 
= ErA—F)+Er-F 


The calculated value of this equation is 
shown in Fig. 4. 


o2 Piller 


~ —Resin 


fp . 
th, 
| 
Ep = 
\= = =a Gal 
Parca 
irae 
Ee Ep > | 
= bel 
rook 


Fig. 3—Unit cube of P.C. 


In practice, however, a smaller value is 
obtained, since foam, which are intermixed 
in the P.C. during the course of stirring, still 
remain after curing. 

Now, Er of polyester resin is usually con- 
sidered to be about 400 kg/mm’, while E, 
of a filler to be above 4000 kg/mm’. When 
load is brought to an anisotropic body made 
up of bodies whose modulus of elasticity 
markedly differs from each other, it is de- 
sirable that Er and E, are equivalent in 
order to avoid the concentration of stress 
within the body. Tests were made to avoid 
the concentration of stress by filling the 
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l\Ep 
0) 0,2 0.4 0.6 0.8 1 
Filling Ratio F 


Fig. 4—Modulus of elasticity & with 
filling ratio. 


resin not only with filler A but also with filler 
B, which is finer than the former, and mak- 
ing to modulus of elasticity of the filler 
other than filler A apparently great. 

It is also desirable for the economization 
of swelling, workability and compressive 
strength to mix two kinds or more of the 
fillers which are different in grain size. 


2.5. Relation between Flexural Strength 
and Swelling 


Since fillers are of grainy nature, its effect 
an increasing the tensile strength of the 
mixture can not be hoped for. Therefore, 
the flexural strength will also be decreased 
in proportion to the rate of swelling. The 
experiment made with grains of porcelain 
show that the flexural strength will, as in 
the case of the compressive strength, be 
greater as the grain size becomes smaller and 
the grain size distribution wider. (see Fig. 5) 


3. Material for P.C. 
(Resin) 


Epoxy resin and polyester resin are the 
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Calcium carbonate 
—e— Porcelain 20M 
ae Porcelain 80M 


eee »J20M 0.5 

Porcelain {20M 0. 5 
® Mixture of calcium carbonate, 
iron sand, sand and stone 


fs a 
rN 
i fe 
= Ps @ 
= oN. 
Sa 

ss Su e 
© NSN 

0) 0.2 0.4 0.6 0.8 1 


Filling Ratio - 


Fig. 5—Flexural strength o, with filling 
ratio F. 


typical ones as casting resin for P.C. since 
epoxy resin generally has a low viscosity, it 
can be swelled greatly. Its mechanical charac- 
teristics are also good, and it has various 
other advantages, but it has also some weak 
points, namely high cost and long curing 
time required (some 0(.5-1 day). Polyester re- 
sin, on the contrary, falls behind epoxy resin 
in various strong points mentioned above, 
but offers the advantages of low cost and 
short curing time (about 1 hour). There are 
several types of polyesters on the market 
such as general type, chemical proof type, 
flexible type etc., and it is necessary to select 
one according to the usage of the P.C. 


(Filler) 


Stone: The grain size is determined ac- 
cording to the size of moldings. In the 
experiment, 2-3 mm grains were used, where 
Fn2=0.60. 

Sand: In many cases, the sand has the 
diameter of about 0.25-0.45 mm and it has 
sharper corners as compared with stone. 
fm2=0.54-0.58; specific gravity =2.6 

Iron sand: Many grains have the diameter 
of 100-150 and are more spherical than the 
sand or stone. The use of iron sand in P.C. 
will offer better workability and, at the same 
time, greater compressive strength as com- 
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pared with sand. f,,+0.60; specific gravity 
=4.6 

Calcium carbonate: Calcium carbonate is 
usually used as resin filler, with its diameter 
being about 2-5y. Specific gravity =2.6 

Porcelain: This is obtained by crushing 
the insulator for communication use into 
grains of the magnitude of 0.15-1.0 mm, with- 
out giving them surface finishing. When this 
is used in P.C., its abrasion resistance will 
be great and insulation good. Specific gravity 
= 2A6 


(Others | 


In addition to the above, glass powder or 
metallic oxides are used, in which case, 
however, the workability, unit price and the 
characteristics of the filler are taken into 
consideration. 


4. Compounding Ratio and Character- 
istics of P.C. 


The compounding ratio of filler and resin 
is determined according to the workability 
and strength required for the P.C. On the 
other hand, the grain size and viscosity of 
the P.C. will somewhat vary according to the 
description of each filler and resin. The exact 
compounding ratio, therefore, should be de- 
termined through experiments. Some ex- 
amples of the results obtained by experiment, 
are shown below. 


(1) In the case of the compounding ratio of: 
Polyester (general type)----about 12% 


by wt. 
Calcium carbonate:::::::::: ee: 
Iron sand, sand, stone::--:-: Te GEO Te 
Promoter, catalyzer----:::- a little 


the following characteristics were obtained. 


Compressive strength:- about 12kg/mm/’ 
Modulus of elasticity:: ” 2000 1” 
Flexural strength: ----- " Bp 

(2) In the case of the compounding ratio of: 


Polyester (general type)----about 7 % 
by wt. 

Calcium carbonate: ~"~-<*>"- nw Oo 

Jrom sand, sand, storie = ~~~: “O41 


the following characteristics were obtained. 
Compressive strength: -about 11.5kg/mm? 
dd the 
(after boiling at 96°C for 8hrs.)--8 = 
When resin of lining type was used, 
Compressive strength: -about 12.5kg/mm? 
dd A 
(after boiling at 96°C for 8hrs.):-12.5 » 


The results of experiments showed that P. 
C. with a great compressive strength had 
also a large modulus elasticity, and the re- 
verse relation held good. The flexural strength 
was about 1/4-1/6 of the 
strength. 

The table attached 
characteristics obtained. 


compressive 


shows the electric 


The shrinkage of P.C. due to curing is 
very small, which can be expressed experi- 
mentally by the following equation. 


S=Sr1—F) 


where s : shrinkage of P.C. 
sre: shrinkage of resin 


P.C. is not susceptible to cracks or defor- 
mations due to shrinkage, therefore, it is 
suitable for making large-size castings. 

It is also chemical and flame proof, and 
its surface appearance, which varies with the 
kind of filler, usually has a black or marble 
tone. 


5. Applications 
[Crossarm } 


The tensile side of the crossarm js rein- 
forced with steel wire. The moment of de- 
struction M of the crossarm depends upon 
its sectional shape and the tensile strength 
of steel wire. M of the P.C. arm of the 
same gauge as the arm now in use is 120 
kg-m in the case of 4 wire type, and 300kg- 
m in the case of 8 wire type. 

The P.C. arm has the strong point that it 
is less liable to deformation or rotting as 
compared with wooden one and its dimensions 
can be taken precisely, and that it can be 
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Table 
ELECTRIC CHARACTERISTICS OF P.C. 
Material j 
Pp. C. Poiyester 
IAKG 0,15 — 0221 resin 7 Wt% 
1 MC 

Dielectric loss 

bOMG 0.22 - 0.28 UY 

tan oO 
0.01 ~ 0.02 
1 MC 0.19 - 0. 21 resin 8 Wt % 
RC ea) 5a resin 7 Wt % 
1 MC 

Dielectric constant 

50 KC VAD) sw PAF 7 

; 2 ~ & 

1 MC 14 - 17 resin 8 Wt % 
Volume resistivity S104 9 e107 Oo) ena Wa 103 — 10° Q cm 
Dielectric strength 1 KV/mm u 14 - 16 KV/mm 


made thin without impairing its serviceability. 


Fig. 7—Crossarms installed on pole for 
testing. 


Fig. 6—Four wire type crossarm (upper 
two) and experimental eight wire 
type crossarm (lower two). 


(Terminal housing | 


This is the housing for a terminal board 
which connects the cable with a drop wire 
in the underground wiring for a subscriber’s 
line. It is of cylindrical shape, having the 
diameter of about 50cm, depth of 60cm or Fig. 8=Terminal 


housing. 
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90 cm and thickness of 2.5cm, in which the (Fig. 13) etc. have been manufactured for 
terminal board can be installed. It has a testing, while the P.C. duct, insulating parts 
weight of about 110 kg or 140kg, including etc. are now under test-making. 

the cover. By using P.C. a lighter housing 

can be obtained than that made of cement. 


[Road eye] 


Here, porcelain is used as a principal filler, 
with fibrous material and others mixed to 
some extent. 

Being of white colour, this P.C. has large 
abrasion resistance. After being molded into 
a fixed shape, it is fastened to the road 
with epoxy resin. It will stand a load of 
about 20 tons. 


Fig. 11—Manhole cover. 


Fig. 9—Road eye. Fig. 12—Meter case cover. 


Fig. 13—A hundred-pair cable terminal. 


Fig. 10—Road eyes with glass beads. Laden 
6. Plastic Concrete has Many Distinctive 
Features, such as 


(Others | : ; ; . ; 
a) it is an insulating material, b) it can 


The P.C. manhole cover (Fig. 11), water- be hardened in a_ short time, c) small 
meter cover (Fig. i2), cable terminal plate shrinkage and little deformation, dd) capa- 
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bility of being casting-molded etc., P.C. is swelling technique and, the anisotropic body 
now in commercial use for some purposes. is necessary. It is also necessary to develop 
However, in order to make P.C. cheaper and new swelling materials. 

stronger, further experimentation on the 
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UDG. 681.177. 7: 621.3741): 008,24 


An Electronic System for Translating 


Japanese into Braille’ 


KIYASU Zenitit and SEKIGUTI Sigerut 


A new electronic system for the translation of Japanese into Japanese braille is described 


in this paper. 


The system, which is controlled by six-hole paper tape whose codes corre- 


spond to the six dots of the braille cells, consists of three parts: the teleprinter, the braille 


translating unit, and the braille printer. 


The codes of the keyboard in the teleprinter are somewhat different from those in con- 


ventional teleprinters in order to simplify the translating unit. 


About 8OO Parametrons 


are used in the translating unit, which is a special-purpose computer. 


The translated codes on a braille tape are read by the braille printer and printed in 


the form of braille cells. 
a braille service system are also discussed. 


1. Introduction 


The Japanese orthography currently used 
is very complicated, because a mixture of 
Chinese ideographic characters and Japanese 
‘kana’ characters is used. However, a braille 
system for the blind based ‘kana’ only has 
been in use since 1890. Therefore, the or- 
thography for the blind differs quite markedly 
from that for the not blind, a practice quite 
different from that followed with European 
languages. 

Until the present, the translation of ordinary 
writing into braille, that is to say “braille 
translation,’ has been performed mostly be 
“Braille Volunteers” using braille styluses or 
braille typewriters. And when it was neces- 
sary to make many copies the so-called zinc- 


* 


MS in Japanese received by the Electrical Communi- 
cation Laboratory on December 9, 1960. Originally 
published in the Kenkyu Zituyéka Hokoku (Electrical 
Communication Laboratory Technical Journal), Vol. 
10, No.6, pp. 1149-1161, 1961. 

Associate Director of Electrical Communication La- 
boratory. 
Electronics Research Section. 


t+ + 


Several plans for improving the equipment and for developing 


sheet method, in which braille paper was 
placed between two zinc sheets, which had 
been prepared by embossing them with braille 
symbols, and then compressed between two 
rollers was used. However in the former 
method much labor of the “Braille Volunteers” 
is necessary; and in the latter method the zinc 
sheets are expensive. To lessen these diff- 
culties we have developed an electronic system 
for translating Japanese into braille. A photo- 
graph of the completed system is shown in 
Fig. 6 

This system consists of three parts: the 
teleprinter, the braille translating unit, and 
the braille printer. 

First, a sentence is printed in Roman letters 
on printing paper by the teleprinter, and at 
the same time a paper tape is perforated. 

In the translating unit, Roman letters are 
translated into braille letters and their codes 
are perforated on a paper tape. These codes 
are then read by the braille printer, and are 
printed in the form of usual braille letters. 

With this system even a person with no 
knowledge of braille can translate Japanese 
into braille. Moreover, the original cost is 
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much lower than that of the zinc-sheet method, 
because in this system paper tape is used in- 
stead of zinc sheets. 


(1) 


2. On the Japanese Braille System 


The Japanese ‘kana’ are quite different from 
Roman letters in that they are not an alphabet, 
they are a syllabary; that is, each character 
represents one syllable of a word. As 
mentioned above, Japanese braille is based 
on ‘kana’, and the correspondence is shown 
in Table 1. Since each braille cell is in the 
form of a six-digit binary code, it may be 
represented by a series of ones and zeros in 
the from x,%0x3%1%5%—_: for example, 7 (a), 
100000; 7(ka), 100001; etc. However, as 
shown in Table 1 Japanese braille consists of 
several groups: Each cell of the first group, 
which is called the ‘fifty sounds’, can be 
represented by a single code; each cell of 
the second group can be represented by two 
codes, a ‘000010’ and a ‘fifty sounds’ code; 
each cell of the third group can be represented 
by two codes, a ‘00100’ code and a ‘fifty 
sounds’ code; etc. Parentheses, brackets, the 
period, etc. are omitted from this table. 

It will be seen from this table that the codes 
of vowels are composed of the three digits 
X1, X2, and x4,; that is, vowels are represented 
as follows: 


xe gn OM) oka 0) © 


where %1, %2, and %s, are O or l. 


Most of the ‘fifty sounds’ codes except 
vowels are composed of vowel codes and so- 
called “consonant codes”: 00 x3 0.x; %6: there- 
fore, (ka) for example, is represented by the 
following logical notation: 


(kK) \V/(a) (kaye (2) 


However, (ya), (yu), (yo), (wa), and (wo) 
are exceptions. 


Thus, braille cells are constructed in a 
manner similar to the transliteration of Japa- 
nese into the Roman alphabet. 

The basic features of the braille orthor- 
graphy will be explained below.* 
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1) A macron, ee, is used to prolong a 


sound in the following manner: 


Braille cells Roman transliteration 


| 
e 

| 
| 
I 


2) Assimilated sounds in a word are written 
by using the cell —e in the following 


manner: 


Braille cells Roman transliteration 


—e -e —— KOKKA 
e- —— e- 
(ko) ka 
.7 oe fe KITTO 
ki to 


3) Words which mean quantity or order 
which 
we call the “Figure Symbol Code’”— in the 
following manner: 


are preceded by the special code :. 


Braille cells Roman transliteration 


e —@) O-— 
Sea es se | UN 
(5) (ho) (n) 
ee e —-e @ e- -eo -—-— 
@- ee @- -——e@0e8ee-8 @— 
e ee @ e0@e 
(su) (2 ) (1) (0) (0) (ni) (n) 
SU 100 NIN 


* Japanese braille are normally written from right to 
left; however in this paper they are written from left 
to right for convenience. In the main body of this 
paper either the corresponding Roman transliteration 
or Arabic figure is given below each braille cell; in 


Table 1 the corresponding Japanese ‘kana’ character 
is also given, 
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4) If the first character code of the word 
following any figure is the same as any figure 
code-for example, the code of the character 
(re) is the same as that of (7) — a hyphen 
should be inserted between them. 


Example: 


Braille cells Roman transliteration 


BS G88 a eer 
(3) (re) (tu) 


5) Rules of spacing between words are ex- 
tremely complicated. The following rules are 
only a small number of the many which 
must be observed. 

a) No space is inserted before some kinds 
of auxiliary word and auxiliary verbs, 
which are written directly after the pre- 
ceding word. 

b) One space is inserted after the auxiliary 
words (TE), (NI), (WO), (HA), etc. 
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c) Two spaces are necessary after a period, 
and one space is necessary after a 
comma. 

d) Two spaces are necessary after both a 
quotation mark and an_ exclamation 
mark. 

Because rules like 5-a) and 5-b) concern se- 
mantic information, it is difficult to translate 
according to these rules. 


3. Outline of the System 


Since each braille cell can be specified by 
a six-digit binary code, the six-hole paper 
tape which is commonly used in Japan was 
chosen to control the system. The _ block 
diagram of the complete system, which con- 
sists of three units—the teleprinter, the braille 
translating unit, and the braille printer— is 
shown in Fig.1. The first step in making 
a translation is to type the written matter to 
be translated on the teleprinter, which simu- 
Itaneously produces a printed copy and a 
perforated paper tape. The printed copy is 


Roman characters 
bai err Braille 
| pene es characters 
hi, ae oe — (aaa 
aaa > Electronic | | ee 
i | | digital | [ossaee 
[- 1 [computer] | Il 
| | 
| 
| ae | 
| Tele printer sanea abe aa | = Paper tape > oe 
——_————— al =a el as =| | Braille as | ——— Tape onptes 
ene sey = ? 2S) gender ey Vensieting fr Rertorate p>|_teader| 
OQ O------ ome) \| | a ‘ J ile us —— ———! 
9 On-= =e SI 1 : 
Keyboard | 
|! 
|! | 
ji 
| | 
‘see ee Vy | 
Teleorinte | | 
i! ee ece seal 
\- J | Recognizing, | 
pee. | ! ‘unit i 
Sted | | 
| | ice ai iar aa 
ee? | 
ae ! 
| 
cee dew awl 
Telex 


Fig. 1—Block diagram 


of the complete system, with arrows to show control paths. 
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Table 2A 


TELEPRINTER-CODE PATTERNS. 


x ye OK x. x. X-, LTRS FIG X ¥ ne *G: Me X, LTRS FIGS 
RO ors GOs SOF 20s =a 12 @ O° Oe See o— 
1) e) O O O @—k 33 @ O O e) O o = 3h 
20 O e) O e O—=R 14 @ O O O e O —— Hyphen3 
3 ©) O O O e eo 35 @ O O O ® eA’ 
40 e) O 8 O Oy 36 @ O O e O 6 3 
5 O O O ) O @ — -(Decimal 37 @ O O o O ee oy 
6 O O e) e ° ) eum! 2 @ O O e * Oo — 4 
70 ) O © ° e—w' 5 @ O O 2 e & U 
si ©) O e Oo O @}— ik 40 @ , e O Oo O 
90 O fe) O e) @—H 4@ ) ® O O oT 

00 O e O a Oe wal 2@ O e O ® = 3 
10 O e O @ e—meM 43@ O @ O e e 

20 ) e iB) O O —/(Fraction bar) 44 @ O ° S O O 

gO O e e @) @ — BD 45@ Oo e @ O @ 

40 e) e e@ ® o— <“" 46@ fe) e * r Oo 

Su) e) 9 e @ @ — Figure 47 @ S) e e@ © e 

60 ® O O O o— "(Apostro- 48 @ ° O O O Oo — 2 
70 28 OO i se =2=' “> ase. - epeio ee 

8O 8B Oo Oo e O—— = 50 @ S O O e Oo — 8 
190 e O O ® e Sl @ & O © @ oe 
200 ® Oo. 6 ) 6 ee 9 52 @ © O € O Oo — 6 
210 ® O & @) i 53 @ ry O @ O 9 
ck © oO ® ®> vO 0 54 @ e o e 6. > 7 
230 . Oo e 9 e— 0! 55@ e O e e @— =: 
240 e c) O O @) 56 @ 3 38 O O O 
250 9 e © (e) 1 i 57 @ 98 @ O O @ 
eo0 4 2 O e O 58 @ e e O & O — Lette 
MIO) e ) O e eo 1) 59 @ e e O . @ — Carriage return 
20. 0, 1@ ee toe *O —=Sies 0@ © © “6 G@ G— ler 
290 ia) e e O e G 61e e e e O @==tuiee 
DO © %©&® © ©@ 6 62 @ e. © © @ O—Back 
310 3 fe) @ e @ —z 63 @ ® C) e 3 @ — Delete 


Rules of Code Conversion 


1 X5Xe | 
2 HSN | 
3 Kaan Xe 
4 Mant: | 
5: YX, | 

| 


Numbers 1 through 5 refer to superscripts ot characters in the main table. 
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used to check for errors, which are corrected. 
Then the six-digit codes on the tape are sent 
to the braille translating unit by the intra- 
office transmitter. 

In the translating unit, the encoded Roman 
characters are translated into braille, and these 
braille codes are then perforated on a second 
paper tape by the intra-office reperforator. 
The translated codes on the second paper 
tape are read by the braille printer, and 
printed in the form of braille cells. 


4. The Teleprinter 


The keyboard of this teleprinter has keys 
for Roman letters and Arabic figures, and 
also keys for other characters such as_ the 
period, the comma, etc. It is possible to use 
a Japanese ‘kana’ keyboard, but for a ‘kana’ 
keyboard more keys are required and the 
teleprinter is not suitable for typing foreign 
languages; therefore a Roman-character 
keyboard has been used. Modification of 
the code bars of this teleprinter has allowed 
substantial simplification of the translating 
unit. 

Codes of each key are shown in Table 2. 
Most of the codes are made in such a way 
that the code corresponds directly tc the re- 
spective braille code. Several codes, however, 
are made by converting them according to the 
rules shown in the lower part of Table 2. 
That is to say, these codes are converted 
into braille merely by negating some digits. 
For example, braille vowel codes may be 
obtained from the codes for (A), (I), (U), 
(E), and (O) by negating digits x, and ¥%; 
and (B), (G), Z are transformed into (H), 
(K), and (S) by negating digits m, x3, and 4; 
etc. Moreover, figures are assigned to the 
upper part of the upper row of keys and the 
code of the “figure shift” key is made to be 
the same as the “figure symbol code”. 

If all the codes of the keyboard were 
made to correspond one-to-one to braille, the 
printer would have to be extremely large in 
size. Therefore, this is not practical. Codes 
on the tape which are perforated by the 
perforator unit of the printer are different 
from the five-unit code used in Europe, they 


are in the six-unit code as described above. 


5. General Features of Translating 
Unit 


As stated in Section 2, the orthography of 
braille is quite different from the ordinary 
orthography. Especially, it is difficult to trans- 
late according to rules such as those described 
in 5-a) and 5-b) in Section 2, for in these 
cases the semantic information of the words 
should be considered when performing the 
translation. Therefore, if we try to translate 
according to such rules, a large scale trans- 
lating unit which has memories with large 
capacities and which uses a stored program 
system would be necessary. 

In view of these difficulties translations in- 
volving semantic information are not carried 
out in the translating unit, and the operator 
must observe the rules when typing the 
Roman characters. Therefore, this unit can 
be thought of as a special-purpose computer 
system. The Parametron, a new type of 
logical device developed in Japan, is used in 
this system and all logical operations are of 
the parallel type. The translating unit con- 
sists of code conversion part, a control part, 
and output equipment as shown in Fig. 2. 

The main functions of each part are as 
follows: In the code conversion part, codes 
which have been fed into this part by paper 
tape are sent to Register Ry, and then these 
codes are decoded by recognition circuit Rz. 
The control part consists of the three six- 
digit registers R,, R:,, and R;; the main control 
circuit; and code generator Ry. 

The main control circuit sends several kinds 
of instruction signals according to the flow 
diagram shown in Fig.3. In this diagram, 
the figures in circles and the arrowheads on 
the flow lines represent numbers of states, 
and informaiton flows as shown. The letters 
above and below these arrows illustrate input 
signals to the main control circuit and in- 
structions produced by that circuit respective- 
ly. For example, if the character (K) enters 
into this circuit, the content of R,, whose 
symbol is C(R,), is transfered into Ro». 

When the next character; for example (A), 
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ciara acat | 


control A 


Code conversion 


output 

part a = Control part Bh tos 

Ro~3 six-unit registers 

CG code converter 

Re recognition circuit 

OR, OR circuit 

Re code generator 

4 information flow 

> control signal flow 


Fig. 2—Block diagram of the translating unit. 
(A) 
P (000001) A 
(4) Ri +Ro)- p 


P (000010 AN 


\ 


1 


oe (Sp) 
) ; 
. : (A)/P(A) 
POR) \ (BL)(-) 
(IT) P(R,) PCR) 
Gays ARIUS) G2) ESPACE R,>R, transfer C(R,)+,C(R:). 
CXS ISH SESISE, IMI IR (BL) : BLANK, BACK, Ri+R, : add C(R,) and C(R,). 
(CG) GaZ DSB: DELETE, (R,+ R2).P: after (R,+R,), print the results 
(P) 3 be CS) Period, P(X) Print the braille code or C(X) 
@gre- ae Ca) Comma, illustrated by X. 
(W): W, Cae) read the next character without 
(N): N, printing. 
Fig. 3—Flow diagram of the control part. 
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Table le 
JAPANESE BRAILLE, AND THE CORRESPONDING JAPANESE ‘KANA’ 
AND ROMAN ALPHABET TRANSLITERATION 
—e-— —e —— = ® o— =——  —— — 0, +0 —— 6 — 6) — 6. — 6, — 0: —6 1 —'6 
See a Olan @ On Oe ae Oe ee — eS —_ 16 ee e = 
0010 2 0 0 0 Oe a OK Te OL Or oe 6 et ee e ee e 
wn WN z ae 7 Ee S A Se Se ee, eee 
(pa) (ba) (da) ay (ga) (n) (wa)(ra) (ya) (ma) (ha) (na) (ta) (sa) (ka) (a) 
—e-—— —e—— —e— = = —e —e —e —-e —e —-e —-e -—e 
== 0) 0/8 — 010 @— 0.0 e— '— 6 e— ee eo —0e —@ oe ec _e -e 
Oe Oe Seat ge eee att One aes ee ee —e —e e— e- —— 
e é ae Boe y ee nS 
(pi) (bi) (di) (zi) (8!) (ri) Gay) 1Cntt)) Gav) ten) (SB) ep) ap) 
eo-—— e®—-— ee-—— ee-—-— @e —— eo oe  @©© @©8© @€©0 @©80 oe e@8 @ 
SSS SS ht Sa Sa ee e e ° e == 
OO UL a a ae oe aa y == 00 00 OO =0 =5 0] OO} == 
oe Z A Ze ‘ Iv at ds 7} a y A 2 
(pu) (bu) oan) ew) ue (ru) (yu) (mu) (hu) (nu) (tu) (su) (ku) (u) 
eeo-—- ee-—— ars = Pe 
2 ee I Oe ae se mG td enetby aptenl, bd nd Sand w/e be 
0010 OO 8 ee aa Ee ae OY OO =O =O OC] OS Se 
a on za (as ees v ATES Ee ee 
(pe) (be) (de) — wees (re) (me) (he) (ne) (te) (se) (ke) (e) 
ce eee eee —ece— e e e e e oe 
EG = rete a oe mace ae Ga eo so oo Ao Sc 
ce (bo) (do) (zo) (40) Pee eee ee en es 
(po) 0) do (ZO go 5 ia] AN 
) (wercroe dye) Gio) Cho» (no) (to) (so) (ko) (0) 
qd 
The second group The fivet aroun 
—@e— -eo-— —-ee-—- —ee-— —-e e— 
———-— ——e@-— 6 e e e e 
Be 0 ee Fe eee Fe GSH [eta atte Stee Fe en [eek 0 8H 
(pya) (bya) (dya) (zya)  (gya) 2S 6% ee e 522 6225 F222 
Yaz S + E+ =+ F + Y+v AP ae, 
ASE rol edt ax wld cdl a o-oo nly Go (rya) (mya) (hya) (nya) — (tya) (sya) (kya) 
eee-—- eo--—- —e— e =~ X) = ee oe— @ee-— @eeo-— ee e— e@eeo-— eo e— ee oe— 
es eee ie ieee ae Ze e-- e-—-— -— _ — e—-—-— ———— 
(pyu) (byu) — (dyu) (2 Ceyu) ie oe ee oe Cn ee te eee 
Crt oe? oO C= BO =O ia te Rear ene (hyu) (nyu) (tyu) (syu) (kyu) 
a ot a te ee 6 ele" 6 6 = (ryu) (myu) (nyu y y y 
NO Oe coe tt rece re De ene ie Pee eS ere Ley le oid 
Es = 3 ae ee Ae ee eo—— ° e—-—- e-——- e-—-— 
(pyo) (byo) (dyo) (zyo) \Byo) ij = = 5 & 3 =e) Fa a aS 
(ryo) (myo) (hyo) (nyo) (tyo) (syo) (kyo) 
The fourth group 
The third group 
—e —_—— e— —e e— eco Lt fi Spe eee Ou os 
== =0 —— © ° ele x : a ar ) Ss 
oS ae Sacre a aos ee 25 sabato: =A Figure 
x + Decimal 5 a oe 2 as 
symbo (exe Ne 
point ey Ko 
ae ele oo Fa aS 
2, Pees dy es = e— e— e—e—- —e e— Oe as = exe exee 
Sohne one a e— —— eo e 0 Seek” ue ee nee Se 
16.0.) — © ee Pi lt ree ae ee ee 
= — Fraction bar Braille cell 
The fifth group 
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is fed into this circuit the following operation 
is performed in OR circuit OR,; 


GCR INGER: (2) 


The result of this operation—100001 in 
this case—is registered in output register R, 
and then, C(R;) is transferred by the printing 
signal from the main control circuit, 


For the input character series (K) (Y) (A), 


first a “Contracted-sound code” 000100 is 

generated in R,; and sent to the output e- 

quipment, and then operations similar to those 

described above are performed. To avoid 
complication, the translating part for figures 

is omitted from Fig. 3. 

The output equipment consists of eight cold- 
Cathode grid-control relay tubes (GCR tubes) 
and an intra-office reperforator (JRP). The 
translated codes are perforated on the output 
paper tape by the /RP, in which selection 
magnets are energized by current through the 
GCR tubes. At the same time, a start signal 
is sent for the next character to be fed into 
this unit. The “Carriage return and line feed 
code” for the braille printer is automatically 
inserted on the output tape by counting the 
number of translated braille cells. 

As a result of a statistical investigation of 
the text of several books, the following was 
made clear: The ratio of the number of 
Roman characters to braille cells is about 
1.6 : 1, and the probability that braille words 
composed of more than eight cells will occur 
is less than two percent. Therefore, the 
“Carriage return and line feed code” for the 
braille printer is produced by the main con- 
trol circuit in the following two cases: 

i) Whenever a space code appears after the 
code corresponding to the 22nd _ braille 
cell has been counted on any line of 
braiile. 

ii) Whenever a long word would be divided 
between any two lines of braille. 

All the operations of the translating unit 
were simulated on the M-1 electronic com- 
putor,°” and the results showed that a memo- 
ry of about 200 words, with 40 bits per word, 
is necessary. To translate Japanese ‘kana’ 
into braille almost the same number of words 


would be necessary. This is because the Japa- 
nese braille and the Japanese ‘kana’ do not 
correspond exactly, which can be seen by 
examining the third and fourth groups. For 
example, the sounds (KYA), (KYU), and 
(KYO) are written using the ‘kana’ groups 
(KI) (YA), (KI) (YU), and (KI) (YO) in the 
standard orthography, but they are written 


using the cells = —* *- <= 


braille. The braille cell _ is the symbol 


for a contracted sound, and has no equivalent 
in the standard orthography. Therefore, 
when the sounds (KYA), (KYU), and (KYO) 
are written in braille, both the component 
characters and their order differ from those 
used in the standard orthography. 

The translation unit contains 800 binocular- 
type Parametrons® which have the small 
power consumption of about 30 mw, and are 
operated at the keying frequency of 10 kc/s. 


a— O=. 
— -9 
and -— | 0 +i 


6. The Braille Printer 


The braille printer consists of a tape reader 
and a special page printer. The codes on the 
tape which was perforated at the output e- 
quipment of the translating unit are read by 
the tape reader. Then in the page printer, 
these codes are transformed into ordinary 
braille codes, that is, a pair of three unit 
codes, and printed in the page form shown 
in Table 1. 

The following are several of the character- 
istics of the braille printer. 

(1) Codes 

The “000111” code, which is the only 
unused code, corresponds to “Carriage 
return and line feed.” 

(2) Printing 

The dimensions of the braille cell, which 
are shown in Fig. 4, and the spacing 
between the cells are almost identical 
to those currently in use in Japan. 
(The dimensions of the braille cell were 
made slightly smaller than the present 
standard after extensive tests showed 
that this change would have no abverse 
effects on the legibillity of the braille.) 
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Fig. 4—Dimensions of printed braille cell. 


(3) Page Layout 
Fach line consists of 30 braille cells; 
there are 17 lines on the front of each 
page, and 18 lines on the reverse side. 
The dimensions of the printed page are 
shown in Fig. 5. 
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oo °° oo 
iu Sa 
i= 
= 
D 
oO 
N 
ioe) oo 
2) Qin es 
ats OF 


Front side Reverse side 


Fig. 5--Layout of page printed in braille. 


(4) Printing Speed 
The printing speed is about 187 cells 
per minute; therefore it takes about 3 
minutes to print a page. This speed 
is provisional, and if necessary it is 
possible to increase the speed. 


(5) Power Supply 
Power is obtained from the 100-volt ac 
commercial mains. The braille printer 
is able to print up to three pages simul- 
taneously, The braille cells on the 
reverse side of a page are printed be- 
tween the lines already printed on the 
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Teleprinter 


Braille 


Printer 


Translating Unit 


Fig. 6—Photograph of the completed system. 
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front of the page. The cost of the 
paper tape is about $1.75 per kilometer, 
which is about one-twentieth the cost 
of the corresponding quantity of zinc 
sheets. Moreover, both storage and 
correction are easier when paper tapes 
rather than zinc sheets are used. 


7. Conclusion 


This system was completed by our Labora- 
tories in October 1959 and has been success- 
fully used at the Tokyo University of Edu- 
cation since that time. Several books were 
transcribed by this system, and as the result 
of this experience, we have the following 
plans for improving and automating this e- 
quipment, and for developing a braille service 
system. 


1) Further Development of this System 


It would be very easy to punch page 
numbers on the tape automatically. And 
the following improvements are possible, 
but expensive: automatic correction of 
errors due to system error, on the per- 
forated paper tape; and automatic re- 
moval of a printed braille page and in- 
sertion of the subsequent page. More- 
over, if it is necessary to translate 
Japanese braille into either a Japanese 
or into a foreign language the whole 
system should be redesigned with a 
stored program which would make the 
system more flexible. It is easily possi- 
ble to increase the printing speed by 
about 2 or 3 times, but it would be 
very expensive to increase the speed by 
100 or even by 10 times. 


2) Pattern Recognition 


If a paper tape which has the same 
codes as the braille tape produced by 
this system is made available in some 
manner. then only the braille printer is 
necessary to transcribe braille. A simple 
manual punch was also made, but its 
use requires a knowledge of braille. 
Also, it would be possible to make a 
six-unit perforated tape with braille codes 
by means of a pattern recognition device 


if braille is written on paper with a 
pencil or with magnetic ink. Such a 
device should be more simple than those 
which make it possible to read printed 
or type-written letters. 


3) Studies on a Braille Service System 


In order to utilize this system efficiently 
it is necessary to study the utilization 
of the system, just as in the case of an 
electronic telephone exchange or an elec- 
tronic digital computer. We have de- 
vised the following plan to assure ef- 
ficient operation of the system. 

The Braille Center Stations where the 
requirement from the local terminals are 
received and the translating unit is con- 
trolled will, like a computation center, 
be constructed in a large city. Also, the 
requirements for the translation of 
Roman characters into Japanese braille, 
which are sent from the Telex terminals, 
will be received. The translated tapes, 
together with the manually punched 
tapes which have been received from 
the “Braille Volunteers”, will be printed 
and edited at the Braille Center Station. 
The studies described above are one of 
the important problems in electronic 
control techniques, and relate to the 
high speed transmission and_ processing 
of the information. 
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Circuits 


This paper describes one or two cases in which the H. Nyquists Regeneration Theory 1s 


not applicable concerning the stability of feedback circutts. 


It shows that the feedback 


circuit may become unstable even if the so-called (1) locus does not contain (1+1%). 
The result of this is used for examining the stability of active driving-point immittance. 
For example, this paper shows that the driving-point immittance whose numerator and 


denominator are both Hurwitz’s polynomials may become unstable. 


It throws doubt on 


the mechanical application of the function theory, which has been recognized as appropri- 
ate to the passive circuit, to the solution of the characteristics of the active circuit. 


1. Introduction 


In introducting negative immittance into the 
lumped constant circuit theory which is some- 
what generalized, a few supplements have 
been given to the H. Nyquist’s Regeneration 
Theory concerning the examination of the 
stability required for the introduction. The 
result of this has been applied to the exami- 
nation of some active immittances to clarify 
its characteristics. 


2. Relations with Nyquist’s Theory 


To simplify our discussion, we assume the 
following: 
Assumption A 

The transfer functions, W(p), and F(p) are 
those of a lumped constant circuit containing 
the ideal transformer. They are regular on 
the imaginary axis of the complex frequency 
p(0=+io, w=real frequency) and on the right 
half plane. 


*| 


MS in Japanese received by the Electrical Communi- 
cation Laboratory, on 15 May, 1961. Originally publish- 
ed in the Kenkyu Zituydka Hokoku (Electrical Com- 
munication Laboratory Technical Journal), N.T.T., 
Vol. 10, No. 9, pp. 1991-1995, 1961. 
+ Communication Network Section. 


First, Table 1 shows the relations between 
this paper and H. Nyquist’s Regeneration 
Theory. 

The table mentioned above contains cases 
in which the H. Nyquist’s Regeneration Theory 
is not applicable. Of these, the case in which 
max w(p) =1 on the imaginary axis of the p 
plane may have to be treated with other 
considerations. This case, therefore, is not 
dealt with in this paper. 

The transfer function, w(p), of the loop 
that can be treated by the application of 
Nyquist’s theory, and must satisfy the follow- 
ing equation. 


lim w-wUiw) <co* Ge 


@-—>co 


Owing to the assumption A, w(p) is a 
rational function, and when it satisfies the 
equation (1), w(p)=O(p-), (poo). For the 
complete examination of the driving point 
immittance of the active circuit, we must ex- 
amine cases in which the equation (1) is not 
satished. This paper treats such cases. 


3. Supplement I to Nyquist’s Theory 
In this paragraph, the conditions imposed 


* References Cy iss USA 
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on w(p) are shown below. 


Condition 1. w(co)*0, 
Condition 2. Max|w(p)|/=M<1, 


Only on the imaginary axis of the p plane. 


Since w(p), in this case, is regular on the 
imaginary axis of the p plane and the right 
half plane, the “maximum principle” is appli- 
cable to it on the imaginary axis and right 
half plane except on the point at infinity. 
The point at infinity, excluded in this appli- 
cation, has the following relation because of 
Condition 2: w(co) <M. Consequently, (w 
(p) <M on the imaginary axis of the p plane 
and the right half plane. From this we can 
deduce that 1/{i—w(p)} is regular on the 
imaginary axis of the p plane and the right 
half plane. 

Now, when the feedback circuit is operated 
with an input power, the output power after 
going around the loop acts as the input 
power again, to repeat this process. The 
total input power is the sum of this process 
according to the principle of superposition 
because of the linear circuit. 

Let us, therefore, consider the time response 
when the feedback circuit having the transfer 
function w(p) of the loop in this paragraph 
is operated with the function F(p) satisfying 
the equation (1). U, (¢) denotes the output 
power that has gone around the loop 7 times, 
then the sum up to N times may be shown 
in the following equation: 


N 
LUO=2 5 | w" (p) F(p)e?dp 
n=0 n=0 271 GC 
: AD Pt 
= J] etd 
201 Lares ge (2) 
ah wr +1(p) 
= ae Fpye”'d, 
Qni \. ae 


C denotes the Bromwitch path also in the 
subsequent equations and formulas. 


From Assumption A and the examination 
above, it is clear that the integral of right 


hand side of equation (2) exists for any given 
N. Put the sequence of functions w%+!(p) in 
the second term of the right hand side as 
follows: 


wr**(p) = Ww+i(h) + w'*!(0o), 
V3) 
only Wyii(h) = w%*(p) — wXt! (00) 
w'*!(oo), the second term of the right hand 
side of equation (3), converges with 0, and 
the first term of the right hand side of the 
equation is |Wy4:(p)|<2-M*+! on path c, and 

uniformly convergent with 0. But, 


N 
Wyr+i(p) = {w(p) —w(r)} RS I 


and on path c, 
| Wwi1(b)|S|wCh) —w(oo)|-(N+DM%, (4) 


So there is a constant A irrespective of N, 
and about |p| large enough we have 


|Wwii@)|S|A/p|, GV=1, 2,3, -- ) 


Now we can seek the sum of the input 
power as the limit of equation (2), which 
can be shown according to equation (3) as 
the following equation: 


' N 
lim »y 6G) = = 
No n=0 21 


1 | LGD _Ptdp 
Ccl—w(p) 


ee | Ww DFP) orgy 
GC 


Noo 271 1—w(p) pe) 
N+ 

—lim = ET Bap; 

No 271 cl—w(p) 


Needless to say, the third term in the 
right hand side of the equation above is 0. 
The integral of the second term in the right 
hand side of the equation above is uniformly 
convergent with relation to ¢, N because of 
the assumptions and conditions imposed upon 
w(p), F(p), and the characteristics of Wy4:(p) 
described with regard to equation (3). More- 
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Table 


1 


RELATIONS BETWEEN NYQUIST’S REGENERATION THEORY AND THIS REPORT 


Nyquist’s theory is applicable 


w(co)=0 


If 1/{l1—w(p)} is 


on the imaginary 


regular irregular axis 


plane, 


On the right half and the imaginary 
axis of the p plane, 


the feed back cir- 
cuit is stable 


the feed back cir- 


cuit is unstable 


If max| w(p)| <1 If 


the feed back cir- 


cuit is stable*? 


Nyquist’s theory is not applicable 


w (oo) =0 


If max! w(p)| >1, 


w(co) >1 on the imaginary 


the p axis of the p plane 


and | woo) <1 


the stability of feed- 
back circuit is un- 
known. 


the feed back cir- 


cuit is unstable**? 


where w(p)=loop transfer function (48), w(co)=lim w(p) 
pre 


* See Section 3, ** See Section 4. 


over, Wy,;(p) uniformly converges to 0 in 
regard to p, so we can exchange the order 
of the limit and the integral to show that the 
second term is also 0. 

Thus, equation (5) has only the first term 
remaining on the right hand side, and this 
determines stable response. 


4. Supplement II to Nyquist’s Theory 


In this paragraph, the conditions imposed 

on w(p) are shown below: 

Condition 1, |w(oo)|>1, 

Under this condition, the feedback circuit 
will be unstable. 

In general, the time response U,(f) when 
the function w(p) satisfying the assumption 
A alone is operated by the function F(p) satis- 
fying equation (1) as well is shown as_ the 
following equation: 


UiH=5 | w(p)+F(pye?'dp 
2nt JC 


T 


But when w(p) also satisfies equation (1), 
which is the condition for the applicability 


of Nyquist’s theory, 
since as it has been shown earlier 


w(p)=O(p"), (poo) 
w(p)+F(p)=O(p~), (poe). 


Consequently the integral of the above e- 
quation uniformly converges in every closed 
t interval, and the integrand is continuous. 
U,(t) is therefore a continuous function of ¢. 

Since it is clear that U,(f)=0, (<0) whether 
w(p) satisfies the conditions of equation (1), 
when w(p) satisfies equation (1) as in the 
case above, 


On the other hand, when wp) does not 
satisfy equation (1) and w(co) ¥0, 


i! 
U,(0) = | w(p)-F (p) dp 
DRUENG 


a 


The integral of this is shown from equation 
(3) as 
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U;(0) == Wb) «F(p) dp 
DENG 


w(co) 


+ 
2n1 . 


| Foap (6a) 


Since W,(p) satisfies equation (1), 
Wid) -F()) =O), (bo) 


Wi(p), Fp) are regular on the imaginary 
axis of the p plane and the right half plane 
because of assumption A. The value of the 
first term of the right hand side of equation 
(6a) is 0. The second term of it, according 
to Cauchy’s principal value, is shown as 


U0) =w(co) aS, | 
» (6b) 
where YRr=the sum of every | 
residues of the pole of 
F,Qby’ : 
When >'Rr*0, that is, F(p) _ satisfies 


equation (1) and p’s point at infinity is zero 
of order 1, namely the waveform of the input 
power is discontinuous, the waveform U;,(t) 
of the output power is also discontinuous and 
U,(0) takes the value described above. 

Thus, the time response differs between 
the one satisfying equation (1), the condition 
for the applicability of Nyquist’s theory, and 
the one not satisfying equation (1). Utilizing 
this characteristic, we shall examine the follow- 
ing. 

Now let us consider the time response when 
the feedback circuit having the transfer 
function w(p) of the loop satisfying condition 
1, in this paragraph is operated by the function 
F(p) where p’s point at infinity is zero of 
order 1 among the functions satisfying e- 
quation (1). 

From equation (3) the total output power, 
up to N times, is shown by following ex- 
pression : 


n=9 n=0 


~ unct= 2 {| we P(p)e"'ap} 
E un= 2 {oe wo - Foyer | 
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N 
= De {oez | WaPo Pemye"ap (7) 


_wr (co) eer 
oe | Fo: ‘dp j 


where U,(t) dentes the output power that 
has gone m times around the loop, can be 
shown by examinating expressions (when ¢=0). 
The value of the above expressions (3), (6a), 
and (6b) as follows: 


N EN 
Oye 


n=(0 7, n=0 


Since )i}Rr20, if |w(eo)|>1, 


N 
lim >(U,(0) 
No n=0 


diverges and the circuit is unstable. 

The feature of this instability is that, if the 
condition |w(co)| >1 is satisfied, the instability 
does not depend on whether 1/{1—w(p)} is 
regular or not on the imaginary axis of the 
p plane and the right half plane. Even if it 
is regular and negative feedback on all real 
frequency, the instability is not changed. 

Some base the stability on the regularity 
mentioned above*, but it is impossible to 
apply Nyquist’s theory to this condition. 


5. Application to Active Immittance 


Let us realize negative impedance by a 
simple impedance converter as shown in Fig. 
(1), and apply the result of our examinations 
described earlier. 

In the firgure, the transfer function w(p) 
of the loop will be represented by following 
equation. 


w=2R/(R+p) 


If o>R, |w|<1, so the circuit is stable as has 
been shown in our examination in the third 
section (3. Supplement I to Nyquist’s Theo- 
ry), and if o<R,|w|>1, the circuit is unstable 
by reason of our examination described in 


* References 2) 1p. Loo: 
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Input impedance of the amplifier fore 
Output UY 0 
Voltage gain of the amplifier +2 


Fig. 1—Impedance converter. 


section 4. When o>R, and the circuit is 
stable, and w is not subjected to very by 
measurement, the impedance considered seri- 
ally with R is the negative resistnce R—p of 
the inverse current type, and the impedance 
considered parallelly with » is the negative 
resistance Ro/(R—p) of the inverse voltage 
type. If we open the terminal of the former 
measured, or if we short the terminal of the 
latter measured, w=2 in both cases, and the 
circuit becomes unstable because of what we 
have examined in Section 4. 

In connection with this, I would like to 
point out that, although the negative re- 
sistance of the inverse current type and that 
of the inverse voltage type are sometimes 
respectively called the negative resistance 
of the short-circuit stable type and that of 
open-circuit stable type, this correspondence 
cannot be considered to be a general rule. 
Concerning our examination described in 
Section 4, examples can be given for cases 
in which the instability occurs for both short 
and open circuits in either type of the inverse 
current type and inverse voltage type. If 
we have to use the term related to the sta- 
bility, (since it is impossible to operate the 
negative resistance of the inverse current or 
voltage type by means of a constant current 
or voltage source) it would be more appropri- 
ate to call the inverse current type the open- 
circuit unstable type, and the inverse voltage 
type the short-circuit unstable type. 

Now, in Fig. (1), if we replace R with the 
passive driving point impedance Z(p) of 


which both numerator and denominator are 
Hurwitz’s polynomials, the transfer function 
w of the loop is represented as 


w(p)=2Z(p)/ {p+Z(p) } 


and Z(p) is small enough to satisfy max w 
(p) <1, on the imaginary axis of the p plance, 
the circuit is stable for the reason we have 
shown in Section3. In this case, if we denote 
the impedance considered serially with Z(p) 
with ¢(p), 


C(p)=Z(p) —p, 


and the real parts of £(p) and 1/f(p) are 
negative on the imaginary axis of the p plane, 
and the ¢(p) and 1/{(p) are driving point 
impedance functions which are regular on 
the imaginary axis and right half plane. 

However, if we open the terminal measured, 
w=2 and the circuit is unstable because of 
what we have clarified in our examination 
in Section 4. 

Similarly, we can point out that like 
function which have the negative resistance 
of the inverse voltage type as their real parts 
are short-circuit and unstable, and that dual 
relations are to be found concerning the 
admittance. 

The foregoing described those having nega- 
tive real parts. Next, we shall examine cases 
in reverse. For example, in Fig. (1) let us 
consider the case in which the sign of the 
gain of the amplifier is negative. If we re- 
place » with Z(p) and R with a constant 
voltage source, the impedance further to the 
right is Z(p)/3. This has a positive real part, 
and as a type of function, is nothing but 
the passive driving point impedance. Never- 
theless, if we open the source, w=—2%, and 
the circuit is unstable because of what we 
have examined in Section 4. Similarly, there 
are those that are short-circuit unstable. 

The foregoing exposition makes it hard 
for us to agree with the view that holds 
that negative or positive driving point im- 
mittance functions to be both short-circuit 
stable and open-circuit stable.* 


* References (2) p. 188. 
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Conclusion 


As has been clarified in the foregoing, it 
is not always proper to apply, without reser- 
vation, the method of the function theory 
established with passive network, to the ex- 
amination of active immittance. 

In this paper no reference has been made 
to negative inductance (—L) and negative 
capacitance (—C), because I know nothing 
about their existence. 
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Microwave Amplitude Characteristics 


Measuring Equipment 


Masamitu OTA*+ and Ituo SUGIURA} 


The development of the multi-channel microwave transmission system created a necessity 
for accurate measurement of the amplitude characteristics of repeaters. 

This work describes the development of amplitude characteristics measuring equipment 
having an accuracy of 0.1 dB over a +15 Mc band. 


To obtain high accuracy, the authors utilized an automatic power control system using 


a barretler detector as a reference for the sweeper, designed the circuit arrangement, and 


investigated the details of the circuits theoretically and experimentally. 
Maximum loop gain of 70dB was obtained for the AC components of the sweeper out- 


put. 


Amplitude characteristics measuring equipments for the 4000 Mc and 6000 Mc bands 
were designed, and it was proved that the equipments satisfied the initial objectives. 


Introduction 


The performance ot microwave repeaters 
has been improved remarkably since the 
microwave transmission system was first in- 
stalled in Japan. The number of telephone 
channels in a repeater system has been in- 
creased successively, and actual equipment 
can transmit from 600 to 1200 channels. 
Furthermore, a microwave amplifier repeater 
system for more than 1800 channels will be 
developed soon. 

The larger number of channels requires 
the stricter transmission line and_ repeater 
standards, and it means that higher accuracy 
is required for measuring equipment. For 


the amplitude characteristics measuring equip- 


MS in Japanese received by the Electrical Communi- 
cation Laboratory, May 11, 1961. Originally published 
in the Kenkyu Zituydka Hokoku (Electrical Communi- 
cation Laboratory Technical Journal). N.T.T., Vol. 10, 
No. 9, pp. 1757-1825, 1961. 
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tion. 


t Radio Section. 


ment, the actual newest transmission line re- 
quires accuracy of 0.1dB over a +15Mc band, 
while the microwave amplifier system needs 
more accurate equipment. 

In measurements of the amplitude charac- 
teristics of repeaters, the largest interruption 
for improvement of the accuracy is that the 
repeater output frequency differs from the 
repeater input frequency. The frequency dif- 
ference is 40 Mc for the 4000 Mc system and 
252 Mc for the 6000Mc system. And the 
characteristics between receiver input terminal 
and intermediate frequency amplifier output 
terminal are measured usually in heterodyne 
type repeaters. Moreover, such nonlinear 
circuits or elements as limiters and traveling- 
wave-tubes are included in repeaters. Then, 
we can not obtain the bare characteristics of 
the system under test from the difference be- 
tween the measured values of when the 
measuring system contains the system under 
test and the values of when it does not. 
Therefore, the output power of measuring 
equipment and the sensitivity of detector 
must be constant over the desired band 
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width. 


In the old type equipment, the greater 
parts of errors in the measurement of ampli- 
tude characteristics were the output deviation 
of the sweeper and the sensitivity deviation of 
the detector, therefore the authors concentrat- 
ed on these two items in order to develope 
the new and more accurate equipment. 

In the new equipment, a barretter is used 
as a detector instead of a crystal detector as 
in the old one, and the barretter is also used 
as a reference detector for the automatic 
power control (APC) circuit which was newly 
developed. Thus the foregoing problem was 
solved, and we succeeded in significantly im- 
proving the accuracy of measurement. In the 
following, the detector and the APC circuit 
using barretters are described, and _ outlines 
are given about amplitude characteristics 
measuring equipment which uses these cir- 
cuits. 


1. Detector 


The sensitivity of the detector used in an 
amplitude characteristics measuring equipment 
must be constant over the band width to be 
measured (from +15 Mc to +25 Mc). Next, 
it is necessary that the relation between the 
level variation of input signal and the vari- 
ation of output voltage is constant, because, 
if the relation changes, it becomes a factor 
of errors when the detector output is read on 
the scale of the cathode ray tube. Of course, 
the sensitivity itself is required to be more 
than a given value, because the gain of the 
amplifier following the detector is limited. 

Besides, it is also necessary that the input 
impedance of detector be matched as well as 
possible. 

Up to this time, the crystal detector was 
principally used for the purpose described 
above. The merit of a crystal detector is its 
high sensitivity. The structure of a crystal 
detector is also very simple. It needs only 
a crystal diode and a mount; no_ other 
circuits are required. It is, however, very 
difficult to obtain excellent frequency charac- 
teristics. In spite of the repeated efforts 
which have been made up to the present to 


improve its performance, it has a_ sensitivity 
deviation of about 0.05-0.1 dB over a 30 Mc 
band. Therefore, it is not suitable for high 
accuracy measurements of amplitude charac- 
teristics. Large input standing wave ratio and 
poor interchangeability of crystal diode are 
also defects of the crystal detector. 

However, barretters which have been used 
for microwave power measurement have 
some defects such as low sensitivity and long 
time constant. 

But, their frequency characteristics are very 
excellent. Therefore, the authors used a bar- 
retter as a detector in the amplitude charac- 
teristics measuring equipment. 


1.1. Barretter Element 


The type of barretter which is used as 
detector is the SR-6, which is very similar to 
the Sperry Type 821. Characteristics are 
shown in Table 1. 


Table 1 


THE SPECIFICATION TYPE SR-6 BARRETTER 


Type SR-6 


Shape | Bar type 


Frequency Range 500 ~ 12,000 Mc/s 


Operating Resistance | 200 Q at 25°C 
and Balancing Current | with 8.75 + 0.25mA 


Cold Resistance LE S25 10iQ 


48Q/mW at 200Q 


Sensitivity 


Max. Safe | BOW ae AIXC 
Operating Power 


Burn-Out Power 80 mW ati PaCS 
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Fig. 1—Thermal Response Characteristics 
of Type SR-6 Barretter. 


BY Rik Re) =p 


Fig. 2—Oscillator circuit containing 
a barretter. 


1.2. Frequency Response Character- 
istics‘” 


The detector circuit is essentially the same 
as the usual power meter of the self-balanc- 
ing, low frequency substitution type.“ A 
block diagram of the circuit is shown in Fig. 
2. If we assume circuit is linear, the re- 


sponse of this circuit for the envelope fre- 
quency of the microwave input signal is re- 
presented by the following equation: 


AP» a i , 
ete: ATO _ era 
(1) 
where P, —external power added to the bar- 


retter, 
AP, =variation of low frequency power, 
p =envelope angular frequency, 
p. =thermal cutoff angular frequency 
of barretter, 
Q) =Q value (quality factor) of positive 
feedback circuit, 
D =dividing ratio of negative feed- 
back circuit, 
» =oscillation angular frequency, 


4 =power sensitivity of barretter, 
which is given by the following 
equation: 

,_ ARs/Rp 
= AP,/Py ’ (2) 


where R,=operating resistance of barretter, 
AR;=variation of Rz when P, is 
changed by AP,, 
P,)=balancing power of barretter for 
normal Rz, 
AP)=power variation. 


We know that Eq. 1 shows the character- 
istics of a second order vibration system. 
The natural angular frequency o, and the 
damping factor € of the system are repre- 
sented as follows: 


on=a/ aye AW peo , Lo) 
a 1 Q) De 
2S 7, Viste gi eeaae ® 


As the relation between o, and ¢ is given by 


C@n=1/2 > pe, (5) 
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It is not possible to vary € and w, inde- 
pendently. 

In the usual power meter, the circuit con- 
stants are selected such as Q)=1/3, D=3, w/2z~ 
10 kc, and 2=0.34, p-/2z~300c/s for the type 
SR-6 barretter, therefore w,/2z~1.5kc/s is 
obtained. 

In this case the flat region is less than 
500 c/s, which is not wide enough for ihe 
present requirement. 

From Eq. 3 it is clear that if higher w, is 
desired it is necessary to use higher w or 
lower Q. As the oscillation is usually un- 
stable when Q, is very low, high w/2z of 200 
~500 kc/s is used and Q, remains at the 
same value as in the usual power meter. 


1.3. Sensitivity Characteristics 


Next, we consider the detection sensitivity 
characteristics. 

The low frequency voltage e; that is added 
to the barretter is given by the next equation: 


ep= VRa(P—P) =eaV1—Pr/Po’, (6) 
where P,’=P,—Pp, Pp=superposed DC power, 
€s= VRzPy’ . 
The variation of voltage, e,;’, is shown by 
és! =€po.—€2= V Re Py’ =Ra( Py’ — Pw), 
and if we substitute as follows: 
JE ad I 


IE. =a Po 


where P, is the maximum value of P,, ez’ 
may be expressed as 

én! = V Rp Po /K— V K—a ). (7) 
For K=oo, linearity is maintained between a 
and e,’; therefore, the variation of substitut- 
ed low-frequency voltage corresponds directly 


to the microwave input power. Namely, we 
obtain square law detection. As the value 
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of K becomes smaller, the characteristics de- 
part further from exact square law detection. 
The relation between a and normalized e,’ 
for several values of K is shown in Fig. 3. 


microwave 


Fig. 3—Relation between 
power and substitution voltage. 


From the relation mentioned above, it is 

possible to show the following: 

1) When multiple ranges are used and if 
the DC superposed powers are selected 
such that K is constant over all ranges, the 
detection characteristics remain identical. 
In other words, one scale can be used for 
all ranges. 

2) When the substitution power is very large 
compared with the maximum value of 
microwave power, the characteristics more 
closely approximate square law detection. 

3) Otherwise, with the increase of substi- 
tution power over the maximum value of 
microwave power the sensitivity decreases. 


Harmonic Distortion of Barretter 
Detector 


1.4. 


When we determine the DC superposed 
power, we must also consider the distortion 
factor of the detected signal. The relation 
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between Pp, Py and distortion versus modu- 
lation factor of the microwave signal are 
shown in Fig. 4. In this figure, it is assumed 
that the modulation signal is a single sine 
wave, and distortion is calculated only for 
the second harmonic. 


co ann 
| ' 
| in ‘ea | 
aia I a7 | | b | 
1S eae a oh ee a 
ee ales hear, SF an Ee 
ate = | By ai 
= Se ee {Eee ee | RNY i 
x 1/8 Sy 
& WaSe | / = GUE pile 
a | 
8 103—-+ § Ff a oe a an A oe 3 
s Ly A 
g | | SS 
5 Seen ee Lae 
= | | 1.9 a) 
s ico ae : ree 
i | 
Be te Ee : Pe 
= | a) 
a 5 re ee le 
| pra 
17 hee Font ii 
| m) 
; é tt _} 508 
i gen (Pe 
A ae. a= 0( Pu=+5dBm) 
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0) 0.1 0.2 0.3 
Modulation Factor 
Fig. 4—Relation between modulation 
factor and distortion. 
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Modulation Frequency (ke /s) 


Fig. 5—Typical characteristics of barretter 
detector. 
(Qo=0. 04, o=200kc/s, P,=5dBm, 
Pp=0) 


1.5. Typical Characteristics 


Typical characteristics of a barretter de- 
tector are shown in Fig.5. In this example, 
however, the extremely low Q of 0.04 is 
used. This very low value of Q, is close to 
the practical lower limit. 


2. Automatic Power Control of Micro- 
wave Sweeper 


Because the usual microwave sweep oscil- 
lator has an output deviation of the order of 
0.2-0.5 dB over a +15 to +25 Mc band, it 
is not enough to use for the accurate 
measurement of amplitude characteristics. 

Therefore the writers applied APC, which 
used a barretter as a reference detector, to 
the sweeper. For this purpose the new AP 
C circuit described here has been developed. 

The APC circuit is constructed so that 
the oscillator power is divided and detected, 
and fed back to the control grid of the 
klystron after the necessary amplification. In 
the present case, it is assumed that only the 
alternating component of power variation is 
treated, and there is no response to the ab- 
solute value, or the DC component. 

The alternating component of power de- 
viation is formed from the repetition frequen- 
cy component of the sweeper and its harmon- 
ics. As the harmonic content depends on the 
original output deviation of the sweeper, it 
seems to be necessary to consider frequencies 
up to 500 c/s for a 50 c/s of repetition fre- 
quency. For instance, the harmonic contents 
of the envelope waveform of a repeater out- 
put, when the sweep signal is applied, are 
described in the following section. However, it 
may be considered the harmonic contents of 
the sweeper are equal to or less than those 
of the repeater output. 

Because the output deviation of the sweeper, 
in the APC circuit, is constrained to the 
deviation of sensitivity characteristics of the 
reference detector, the sensitivity of the de- 
tector must be sufficiently constant with fre- 
quency over the needed band. Therefore, the 
barretter is best for this purpose. In a self 
controlled system, however, the relation S= 
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1/(1+G) exists. (S: supression factor, G: 
loop gain), accordingly, the phase versus fre- 
quency characteristics of the detector must 
also be considered with the amplitude versus 
frequency characteristics. 


2.1. Self-oscillating Type Barretter De- 
tector as APC Reference Detector 


The self-oscillating type barretter detector 
described in the previous section may be 
applied as an APC circuit reference detector. 
However, as described in section 1. 2., its 
amplitude and phase versus modulation fre- 
quency characteristics vary markedly near 
its natural frequency. Moreover, it is not 
feasible in practice to obtain a high enough 
natural frequency of the self-oscillating type 
barretter detector used for a APC circuit that 
requires sufficiently high frequency response 
and large enough gain. Therefore the self- 
oscillating type circuit is not suitable for use 
in an APC circuit which has rigorous re- 
quirements. 

It is suitable, however, for the case where 
the requirements are not so strict, and the 
construction is relatively simple compared 
with the external oscillator type circuit de- 
scribed in the following section. 

Experimentally and also theoretically, it is 
possible to obtain a maximum loop gain of 
up to 40dB with a frequency response of up 
to 500c/s (—3 dB) when an oscillation fre- 
quency of about 200 kc/s is used. 


2.2. External Oscillator Type APC 
Circuit” 


In the foregoing, it has been shown that 
the response of the oscillator circuit limits 
the performance of the self-oscillating type 
barretter detector as the reference detector in 
an APC circuit, and the maximum practical 
loop gain is about 40dB. Consequently, in 
order to remove this limitation, it is necessary 
to see that no closed circuit for the APC 
signal is formed in the detector circuit. 

A new circuit satisfying the above condition 
has been developed. A maximum loop gain 
of more than 70dB in the 50-500 c/s (—3 


dB) band, which is required for measurement 
of amplitude characteristics, is obtained. 

In followings, the make-up and function of 
each component are described, the conditions 
needed for them are studied; moreover, the 
experimental results are shown. 


2.2.1. Circuit 


In order that no closed circuit for the 
APC signal is formed in the detector circuit, 
the following is necessary: A carrier signal 
source independent of the detector circuit 
containing the barretter must be available, 
and the APC signal must be obtained as a 
modulated signal at the bridge circuit by 
means of substitution with microwave power. 
Also it is necessary that the carrier input to 
the bridge circuit be controlled in order to main- 
tain the constant microwave input impedance 
of the barretter mount by keeping the barret- 
ter operating resistance at its normal value. 

Therefore, the circuit, although it cannot 
be clearly separated, consists of two parts. 
One is the closed circuit which includes the 
klystron, whose power must be controlled. 
The other is the closed circuit which keeps 
the barretter resistance constant. The block 
diagram of the complete circuit that realizes 
the above conditions is shown in Fig. 6. The 
operation of this circuit is as follows: 


= SS = 


| — 
\ Q) 
| 


ECTS 
' | Carrier Cont. ; Microwavel__ Mic 
ese, | amp. Bridge j= T|sweeper_ outa 
ae ee ee ee 
| ! 9 4 WO Y, 
| | Phase (OC) Amp. le | | 
| shifter Al lke 
: < = 
y 0 8) yo ©) 
Amp. : Sync. [ees | 
| LA2 | oe rect, tilter | | 
j | 
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Fig. 6—Block diagram of external 
oscillator type APC circuit. 


The carrier signal generated in @ is am- 
plified by @) and drives the bridge () con- 


taining the barretter. Some modulated signal 
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is obtained from this bridge due to the un- 
balance of the bridge based upon the resist- 
ance variation with the variation of microwave 
input power. This modulated signal is am- 
plified by amplifier @. From this signal, the 
variation of amplitude and phase of the micro- 
wave input are detected by the synchronous 
detector (5) driven by the carrier signal com- 
ing through @) and @0). The alternating com- 
ponent is amplified to the necessary voltage 
level by @, and controls klystron control-grid 
voltage. On the other hand, because the DC 
component of the output of (5) corresponds 
to the variation of the average power, the 
barretter resistance is kept constant by con- 
trolling the bridge driving voltage, that is, ap- 
plying a DC voltage which is obtained by elimi- 
nating the alternating component and carrier 
component from the output of © through the 
filter ©@). 


2.2.2. Circuit Design 


1) APC Cireuit. 
i) Gain of APC Signal Loop. 


The total gain necessary for the APC 
loop is given by the following equation: 


, PP 7 a 
\2n93 mP, K(n+1)a/ eat ; 


(8) 


where, d=initial power deviation (dB, p—p), 

S=sensitivity of control electrode of 
klystron (dB/V), 

np=efficiency of synchronous detector 
defined as the ratio of the DC 
voltage at the filter output to the 
rms value of the input carrier 
frequency signal, 

4’ =sensitivity of barretter: 4/(1+jP/P.), 

A=static sensitivity of barretter, 

m=modulation factor of microwave in- 
put power by the residual deviation, 

P,,=average microwave power, 

n=resistance ratio of barretter series 
arm of bridge to normal barretter 
resistance, 

P,)=balancing power of barretter for 


the normal resistance, 

P,,=total superposed power; Pse=P,+ 
Py» (Pp=DC superposed power), 

R,=normal barretter resistance, 

a =deviation factor of barretter, a= 
AR/R, (AR=deviation from the nor- 
mal value), 

K=sensitivity of bridge; 


K=e,/€g+1/aj=n/A+n)? 


(e,=bridge driving voltage, e,=un- 
balanced output of bridge), 


In Eq. 8, if each constant is as given below: 


6=0.5 (dB) 

S=0.5 (dB/V) 

A=A.5 2 UP COTW) 

T= sO 

Ro=200 (Q) 

m=2x10-* (~0.01 dB, p—p) 
@=0.01 and Pp=0, 


the relation between P, and G, is as shown 
in Fig. 7. 


100 


90 


80 


Required Overall Gain (dB) 


70 
=o 0 +5 +10 
Input Power (dBm) 


Fig. 7—Required overall gain versus 
barretter input power. 
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ii) LF Amplifier 


The total gain of APC circuit given by 
Eq. 8 is assigned to the carrier frequency 
amplifier @) and the LF amplifier @. The 
maximum gain of the LF amplifier is 
limited because of the noise of the ampli- 
fier, especially by vacuum tube flicker noise. 
When the APC circuit is closed, the re- 
sidual noise level of microwave output 
signal depends on the overall characteristics 
of APC circuit. But a limit may be given 
by the modulation factor of microwave out- 
put signal due to the LF amplifier output 
noise. 

In order to limit the modulation factor 
due to LF amplifier noise less than ¢ (dB, 
p—p), if the LF amplifier grid equivalent 
noise voltage is ey, (V. p—p), the LF am- 
plifier maximum gain G4..ax must be less 
than Ga.maxSe/(€ng*S). 

Also the factor #’ in Eq. 8 must be con- 
sidered for amplitude and phase character- 
istics of LF amplifier. 

The necessary open circuit overall charac- 
teristics to obtain the required loop gain and 
to obtain the required frequency band width 
are given by the adjustment of the charac- 
teristics of LF amplifier. 


iii) Low Pass Filter Eliminating Carrier 
Component 


A residual carrier component will not 
hinder the measurements of amplitude 
characteristics if it is not so large that the 
modulation of the microwave output is re- 
markable. However, the residual carrier 
component may cause unstable operation of 
the APC, and may cause error due to the 
mutual conversion of AM and PM; there- 
fore it is advisable that the residual be as 
small as possible. 

The desired attenuation of the z-th har- 
monic of the carrier signal for the re- 
sidual modulation of less than «.(dB, p—p), 
Arn, is given by 


5 V2AnaRy 9 ] dB), (9) 
Arn=20 Logu| * 24 m P; Ee . 


where A, is the harmonic attenuation at 


the synchronous detector output. 


2) AGC Circuit 


i) Desired Gain of AGC Circuit 


In order to maintain the low input stand- 
ing wave ratio of the barretter mount, it 
is necessary to keep the barretter operating 
resistance within a small deviation from 
the normal resistance. 

The block diagram of AGC circuit is 
shown in Fig. 8. In this figure, G, is the 
gain of the control amplifier, G. is the gain of 
the carrier frequency amplifier and E is the 
DC output or AGC voltage. The symbol 
7 represents the gain control factor of the 
control amplifier. 


aoe ———s 


D,? 


19 ——— 


Fig. 8—Block diagram of AGC circuit. 


According to Fig. 8, the desired gain of 
the AGC circuit or the gain of the carrier 
frequency amplifier for a given deviation of 
barretter operating resistance is represented 


by 


Ie 


pT (10) 
Cp €B0 1 DX Ky 


where em=€)Gi and Gy=initial gain of 
control amplifier. 

Generally, however, 7 is a function of £; 
accordingly, it is a function of G.. For ex- 
ample, for the 6CB6 vacuum tube, the 
characteristics of G, versus E, and 7 versus 
E, are shown in Fig.9. An approximate 
equation for 7 is derived from Fig. 9: 
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Eg =250V pL ae; 7»=0.6 (experimental value) 
E g2=150V Gai Bey €n,=3.5(V) (r.m.s.) 
Kea VAG) 


19 =0.6 Ao =2000, 
€g0=3.5V 
Control tube :6CB6 1 stage 


4 =4500 0/W 


—E9(V) 
Fig. 9—g» and 7 versus grid bias EF, S 
for 6CB6 vacuum tube. PES 
y= —0.077E,+0.273 (—1>E,>-—5) 
and E,=Eqn—E, ic—nT0 when 1D I Dery. (isi) 
From equations 10 and 11, the following 
equation is derived: 
_ —rotr/7—0. 308 (1 —en/ex) l 
ae 0.154 7p Day K es (2) 
0 2 4 6 8 10 12> “14 WG 
where D is the transmission factor of the P 9 (mW) 
filter. 
For £,=—2(V), it becomes Fig. 10—Required gain of AGC circuit. 
_ —0.43+ /0.49—0. 31 en/enp 
Gs Hist eke. ee 
Ae pee ii) Filter Circuit 
Rare The AGC circuit theoretically passes 
only the DC component and completely 
en= (+1) V(Py—Py—aRo/A)Ry , (14) stops the signal, but it is impossible to re- 


alize such a filter. Accordingly, it is true 
that a loop circuit is formed in the detector 
or the AGC circuit. But in this case, the 
loop is significant only at very low frequen- 
cies far from the fundamental frequency of 


When the following constants are sub- 
stituted in Eq. 13, the results may be re- 
presented as shown in Fig. 10: 
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the APC signal. The block diagram of the 
AGC circuit is shown in Fig. 8, and from 
Fig. 8, the APC signal component of the 
detector output is represented as 


= Gsm ie) 
1—CDy sin (pt+04+@) ’ 


Cp GIS) 


where C=7p4’mP, Kez) G-/Ry, D is the 
transmission factor of the filter, and @ is 
the phase shift in the filter. 

From Eq. 15, it is clear that in the fre- 
quency region of 1CDy7, the alternating 
components of microwave input will be re- 
produced exactly, but near the frequency of 
1=CD;, the amplitude and phase of the de- 
tector output differ considerably from those 
of the deviation of microwave input. Actual- 
ly, the side-band energy is increased rapid- 
ly and the carrier component will be de- 
creased, and the amplitude and phase of 
envelope frequency will jump near CD;=1. 

Therefore, the attenuation characteristics 
of the AGC low pass filter circuit must be 
determined to obtain the condition CD;=1 
at such very low frequency that the attenu- 
ation of main APC circuit are large 
enough satisfying the required maximum 
loop gain. In other words, if the APC 
main circuit does not have sufficient attenu- 
ation at a high enough frequency, the 
time constant of the AGC circuit becomes 
very large, and long period will be needed 
before the barretter attains the normal 
or balanced state when the mean value of 
the microwave input power is changed. 


3) Common Circuits 


i) Carrier Oscillator 


The requirements for the carrier oscil- 
lator are as follows: 

a) It must be considerably higher frequen- 
cy than the maximum frequency of the 
APC signal in order that the APC signal 
can be easily separated from the detector 
output. 

b) Because of the capacity of barretter 
mount and cable reactance, it is not ad- 
visable to select such a high frequency that 
the reactance becomes not negligible com- 


615 


pared with the barretter resistance. 

c) Carrier to noise ratio must be as good 
as possible, in order to obtain good signal 
to noise ratio in the output signal. 

d) If the frequency stability of carrier is 
not good, the signal to noise ratio will be 
deteriorated by phase detection in the syn- 
chronous detector. 

Conditions a) and b) are contrary to one 
another, and the carrier frequency must be 
determined from considerations of the oper- 
ating frequency band-width of the APC 
circuit, maximum loop gain, and the circuit 
constants of the detector bridge circuit. 

Generally, it is suitable to select a fre- 
quency in the range between 100 and 500 
ke/s. 

The carrier to noise ratio of the carrier 
signal, C/N, necessary to obtain the 
signal to noise ratio of the output signal, 
S/N, is given by 


CIN] C/N (16) 


where, C/P= V2 A,aoRo/np 2! m Py. 
ii) Control Amplifier 


Because the signal through the control 
amplifier is theoretically an unmodulated 
wave, the control amplifier is not needed 
for wide-band characteristics. However, be- 
cause of the variation of amplitude and 
phase of the carrier signal due to the fluctu- 
ation of carrier frequency or the variation 
of circuit constants of the control amplifier 
itself, the signal to noise ratio of the APC 
signal will decline, and the balance of the 
detector bridge will be degraded. 

Accordingly, very sharp amplitude and 
phase characteristics are not advisable. 
Also it is harmful to transmit harmonics 
of the carrier or generate any harmonics 
in the control amplifier itself. Of course a 
good signal to noise ratio must be main- 
tained. High gain is not necessary, but it 
is desirable to use a vacuum tube with 
large y7. 

iii) Carrier Frequency Amplifier 

Because this amplifier handles modulated 

signals, it should have good amplitude and 
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phase characteristics over a sufficiently 
wide frequency band-width. Therefore it 
is advisable to use a_ resistance-coupled 
circuit. The gain, G,, must satisfy the 
following condition: 

1) It must be larger than the value sub- 
tracted the gain of the LF amplifier from 
the total gain represented by Eq. 8. 

2) It must be larger than that given by 
Eg: 1Ocon 1d) ie, Eales 

3) In Eq. 15, G, is included and therefore, 
a lower G, is desirable. 

Therefore, it is desirable to employ the 
minimum value of gain in the range that 
keeps the barretter operating resistance 
within the allowable deviation, and does 
not require that the gain of amplifier ex- 
ceed the limit due to its noise level. 

iv) Unbalance Detector 

A differential amplifier with grid and 
cathode input (shown in Fig.11) is most 
simple as the unbalance detector and satis- 
factory results are obtained with a suitable 
vacuum tube. 


(ey spo ¥e. 


Fig. 11—Unbalance detector. 


About Fig. 11, when the ratio M of the 
residual output at the balanced condition 
of bridge to the unbalanced output of 
bridge is taken as a factor which shows 
the performance of unbalance detector, M 
is represented as follows: 
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ee [u(B—1)—-1] [etAd4+)44+Z2] eave 
2(o+puZ) 1-8) 


when »>1 and p>Z:, 


where, B=2(1+a)/(2+a@) 


Therefore, the input impedance of the 
unbalance detector must be high enough 
to avoid reaction with the barretter. The 
input impedance of the grid side is general- 
ly high enough. The input impedance Zin » 
of the cathode input is shown by 


p+14+M)44+Ze 


Zine = pda) 


: (18) 


~Z,4+1/gm, when p>Zz and 1>a 


Accordingly, as shown by Eqs. 17 and 
18, high » and high p tubes are suitable. 

Of course, transformers are useful for 
this purpose. But now the frequency is 
comparatively high, so the unbalance fac- 
tors of the transformer itself such as the 
leakage inductance and the stray capaci- 
tance must be considered. 


v) Synchronous Detector 


Suitable results: are obtained by utilizing 
a half wave synchronous detector using 
four semiconductor rectifiers as the ampli- 
tude and phase detector. The detector ef- 
ficiency is 


Vp = V2 /x=~0. 45, 


when the operation is considered to ap- 
proach that of an ideal switching circuit. 
Experimentally 7, was about 0.6. 


2.2.3. Experimental Results 


Due to the foregoing theoretical consider- 
ations, experimental work was performed, and 
the following results are obtained: Maximum 
loop gain of over 70 dB is required to achieve 
residual power deviation of 0.001 dB without 
spoiling the needed operating frequency band 
of 50~500 c/s (—3 dB) when the initial de- 
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viation is 0.5 dB. Typical experimental charac- 
teristics are shown in Fig.12(a) and (b). 


Fig. 12 (a) is an open circuit overall charac- 5 
teristics of higher frequency side of band, 
and Fig.12(b):is an open circuit overall 
characteristics of lower frequency side of band 
of the same circuit. 
20 
2.3. Power Modulation Sensitivity of : e 
Klystron BS ze 
= 30 g 
2.3.1. Power Modulation Sensitivity and 2 =) 
its Deviation 5 40 iy 
= = 
The APC signal, detected by the barretter 50 s 
detector and amplified, is applied to the control Me 
grid of the klystron, and the power deviation si 
is suppressed. Therefore, the relation between 
the variation of output power and grid input 
voltage, in other. words, the modulation sensi- ae 
tivity of control grid, is important. 
The sensitivity S is given by 80 
S=AP,/AE un (dB/V), (19) Frequency (kc/s) 


where, AP,=variation of oscillation power, 


Koei : Fig. 12 (a)—Overall characteristics of 
AE,.=variation of control grid voltage. 
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Fig. 12 (b)—Overall characteristics of lower side. 
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If S is larger, lower maximum APC signal 
output voltage and lower APC circuit gain 
are allowable. However, if S is too high, 
the value of the grid voltage becomes critical; 
accordingly, the power supply stability  re- 
quirements become severe. 

Next, variation of sensitivity due to the 
variation of static and dynamic state of the 
klystron must be considered, namely; 

(1) variation of sensitivity due to the vari- 
ation of value of grid voltage with constant 
frequency and constant output coupling, 

(2) variation of output coupling with con- 
stant frequency and constant grid voltage, 

(3) variation of oscillation frequency with 
constant grid voltage and constant output. 
In the following, the modulation sensitivity 

characteristics of the 4V27 klystron (similar 

to 5837) for 4000 Mc and the 5721 klystron 
for 6000 Mc are discussed. 


2.3.2. Characteristics of the 
4V27 klystron 


1) Variation of sensitivity due to variation 
of grid voltage is about 6dB at practical 
output powers (about 5 dBm, 10dB padded). 

2) Frequency characteristics of sensitivity is 
about 6 dB too. 

3) When the other conditions remain con- 
stant, the variation of sensitivity, following 
a change of output coupling, is about 6dB 
with maximum power of about 20 dBm 
(without padding). 

4) The experimental value of S is about 
0.1-0.3 (dB/V). 

From the above, if the output power of 
the sweeper is controlled by changing output 
coupling, some 10dB_ of. excess margin of 
APC loop gain is desirable. 


2.3.3. Characteristics of the 
5721 klystron 


1) Variation of sensitivity caused by the 
variation of output power with constant 
frequency and constant grid voltage is less 
than 6 dB in usual tubes. 

2) Deviation of sensitivity with change of 
frequency is about 3dB when the output 


power is less than 20 dBm to matched load. 
3) The actual sensitivity is about 0.2-0.5 

dB/V. 

Therefore, the desirable excess gain margin 
of APC, due to the deviation of modulation 
sensitivity of the klystron, is as large as for 
the 4V27, or about 10 dB. 


3. Measuring Equipment for Relay 
Station 


In this section, the measuring equipments 
using the barretter detector and APC which 
were described in the foregoing section, are 
explained. 


3.1. Measuring Equipment for 4000 Mc 
Band Relay Station ‘Type WJ-310 
Measuring Equipment) 


3.1.1. Functions and Make-up 


The measuring functions which have been 
performed up to this time in relay stations 
are as follows: °” 

(1) amplitude characteristics, 

(2) delay characteristics, 

(3) input and output impedance (VSWR) of 
repeater and TWT, 

(4) noise figure, 

(5) level (# and IF), 

(6) performance as standard signal generator, 

(7) impedance matching of antenna system, 

(8) field intensity. 

These measurements are for a heterodyne 
repeater system. However, with the increase 
of channel capacity due to the improved per- 
formance of the repeater, accuracy require- 
ments have become more severe. 

On the other hand, the stabilities of re- 
peater characteristics have been improved and 
measurement of some quantities is unneces- 
sary. Therefore, the items measured have 
been changed and the advance of performance 
is planned about needed items. 

Namely, the unnecessary measurements are 
those in items (2), (3), and (4). Also, about 
amplitude characteristics, because the charac- 
teristics of #-IF are needed chiefly by the 
relation of adjustment, IF-~, IF-IF, and peu 
are omitted. 
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Thus, the functions required of the new 
equipment are as follows: 

(1) measurements of amplitude versus fre- 
quency characteristics of receiver part of 
repeater (IF): 

(a) output level of microwave (repeater in- 
put level): —20~—35 dBm, 

(b) IF detector input level: —2 dBm (stand- 
ard level), 

(c) precision: 1 dB or odB full scale (80 
mm) on five-inch cathode ray oscilloscope, 

(d) accuracy: 0.1 dB. 

(2) performance as standard signal generator; 
(a) level: —5 —60dBm, continuously vari- 

able by reactance attenuator, 
(b) accuracy: 1dB, below —5 dBm, 

(3) level of IF; 

(a) level: +6~—5 dBm, direct reading on 
meter, 
(b) accuracy: 0.5 dBm, 
(4) level of microwave; 
(a) level: +10~—5 dBnz,, direct reading on 
meter, 
(b) accuracy: 0.5 dBm, 
and more by the using of adapter, 
(5) input and output impedance matching of 


Microwave Sweep Frequency Signal Generator 
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repeater, VOW K1/04 to-3accuracy = Li02 
(6) overall amplitude characteristics (y-y); 
(7) frequency measurements of microwave. 

Adapters are installed at only main stations 
or terminal stations, and they are movable if 
they are required at any other station. 

In the above items, (1), (5), and (6) are 
displayed on the cathode ray oscilloscope over 
the +15 Mc band width. 

The block diagram of this equipment is 
shown in Fig. 13. 

The main equipment contains the detector 
and display unit, microwave sweep signal 
oscillator, and power supply; and the adapter 
contains the microwave detector, 200 kc/s 
modulation signal generator, 200 kc/s ampli- 
fier, 200 kc/s detector, and power supply. 

The external appearance and construction 
are shown in Fig.14. The most important 
quantity measured by this equipment is ampli- 
tude characteristics of y-IF. The amplitude 
characteristics of repeaters are required to be 
within 0.5dB of specifications; accordingly 
the measuring equipment must have an accu- 
racy of better than 0.1dB. The _ barretter 
detector and APC described in the previous 
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fina Microwave IF | I 
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Fig. 13—Block diagram of type 


WJ-310 measuring equipment. 
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Fig. 14—External appearance of measuring 
equipment for 4000Mc relay 
station. 


sections are utilized in order to realize this 
requirement. 


3.1.2. Performance Requirements 


The following are the performance require- 
ments of the important components: 
1) IF Detector 
i) Input Impedance 
If the input impedance of barretter mount 
varies with frequency, the declined fre- 
quency characteristics of detector sensitivity 
will be caused. Also, if it is mismatched, 
even it is constant over the rated band 
width, it causes the long line effect when 
the output impedance of the equipment 


under test is mismatched, and _ causes 
some error in the measurement. In 
this equipment a VSWR less than 1.2 
is provided over the bandwidth of 70+15 
Mc/s. 

ii) Frequency Response Characteristics 


The required frequency response charac- 
teristics of a detector depend on the -de- 
gree of how fine structures are necessary 
for the displayed pattern on the screen of 
cathode ray oscilloscope. 

The envelope waveform of the output 
signal of the equipment under test is 
somewhat distorted, so the harmonic con- 
tents become important. 

Then, the necessary frequency response 
characteristics of the barretter detector were 
determined from the results of some ex- 
periments; harmonic contents of envelope 
waveform for actual repeaters were measur- 
ed. Measuring methods are as follows: a 
swept microwave signal is applied to the 
repeater under test, and its IF output or 
microwave output is detected by a crystal 
detector, the detector output recorded on 
the tape, is analyzed by sonergraph, 
and its integrated energy is measured by 
filter method. Various characteristics of 
several repeaters were measured by the 
above method. Examples are presented 
in Fig. 15 (a), (b) and (c). 


| | | | 
—20 0 


Frequency (Mc) 


Fig. 15 (a)—Amplitude characteristics 
of repeater. 
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Fig. 15 (b)—Pattern of soner graph. 
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Fig. 15 (c)—Integrated power. 


Fig. 15—Harmonic contents due to ampli- 
tude characteristics of repeater. 


Response (dB) 


It was understood from the results of 
experiments that; the upper limit frequen- 
cy of the band containing the 99% of 
total energy of the envelope components 
or the sideband components of repeater 
output signal, was less than 800c/s for 
the repeater having bad _ characteristics, 
and it was also less than 500c/s for the 
repeater having normal characteristics. 

Due to the above results, the standard 
for the detector was determined as shown 
in Fig. 16. 


Frequency (c/s) 


Fig. 16—Standard frequency response 
of IF detector. 


iii) Noise level 

The fluctuations of the base line due to 
the hum and the noise outputs of the measur- 
ing equipment itself are respectively less than 
2mm on the scale of a cathode ray oscil- 
loscope, whose vertical amplifier gain is ad- 
justed in order that the variation of deflection 
is 80 mm when the intermediate frequency 
detector input level changed from —2dBm 
to —3 dBm. 


3.1.3. Microwave Sweep Frequency 


Signal Generator 


1) Sweep Oscillator 


i) Frequency Range 
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Type 4V27 klystron is used, and frequen- 
cy range is 3600 to 4200 Mc/s. 
ii) Deviation of oscillator output 

It must be less than 0.5 dB without APC 
over the +15 Mc bandwidth. 

2) GAC. Ciroutr 

i) APC loop gain 

When the input level of the APC re- 
ference detector is 5dBm, APC loop gain 
must be larger than 25dB and the gain 
margin of the APC circuit must be more 


than 10 dB. 


ii) Frequency Response of Reference De- 
tector 

The deviation of the frequency response 
must be less than 3dB in the frequency 
range of 50 to 500c/s when the IF input 
level is 5 dBm. 

To the IF detector, a somewhat complex 
amplitude-modulated wave caused by the 
repeater characteristics is applied. But in 
the case of APC the signal is the sweep 
oscillator output itself. Therefore, it is 
possible to consider that the harmonic con- 
tent is less than that in case of the IF de- 
tector. 


3) Output Circuit 


The output of the microwave sweeper is 
introduced to a waveguide component through 
a cord and applied to the APC detector. 

Moreover, the sweeper output is divided 
by a directional coupler included in the wave- 
guide component, and is introduced to the 
input terminal of the repeater through a 
cord or directly. Accordingly, the frequency 
characteristics of the coupling factor of the 
directional coupler and the long line effect 
due to the coaxial cord enter into the error 
factor. The coupling of the directional 
coupler is 25+1dB over the frequency band 
of 3600~4200 Mc. The long line effect: has 
been decreased by using a lossy cord. 


4) Adapter 
i) Modulation Signal 
The measurement of input and output 
impedance of repeater requires considerably 
high sensitivity. Therefore, 200kc/s, 100% 
amplitude modulation signal is applied to the 


sweep oscillator for this measurement. 
The deviation of output power is 2.5 dB 
over the +15 Mc band in this case, because 
of the variation of modulation sensitivity 
of the oscillator. 
ii) 200 ke Amplifier and Detector 

The bandwidth of the amplifier is +5kc 
(—3dB), and VSWR is directly read from 
the scale of the reactance attenuator. 
iii) Microwave Detector 

Its characteristics are the same as_ those 
of the IF detector. 


3.1.4. Actual Characteristics 


1) Temperature Characteristics of Barretter 

Detector 

The effects of temperature on the barretter 
element and detector circuit become a problem 
especially when they are housed in the measur- 
ing equipment. Zero point adjustment be- 
comes impossible, and difficulty in measure- 
ment is caused by drift. The temperature 
coefficients of the other resistances of the 
bridge circuit are added to the increase of 
barretter initial resistance with temperature rise. 

Because a carbonfilm resistance has an 
opposite temperature coefficient to that of the 
barretter, the balancing condition will be 
worse, and temperature allowance will become 
more narrow. Also, the temperature coef- 
ficient of compensation capacitance of bridge 
is important when the substitution frequen- 
cy is very high. 

Effects of drift due to temperature rise are 
as follows: 

The drift due to temperature rise of the IF 
detector connected to the output terminal of 
the repeater IF amplifier must be added to 
the initial drift due to the temperature rise 
of the equipment itself. 

To decrease the long line effect, it is ad- 
visable to connect the detector directly to the 
IF output. However, when the barretter 
mount is connected directly at the output 
terminal of the IF amplifier, the temperature 
rise of the barretter is considerably large due 
to thermal radiation and conduction from 
vacuum tubes; especially, the IF amplifier 
output tube. Therefore, some additional cord 
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is required between barretter mount and IF 


output terminal to avoid these thermal 
effects. 


2) Deviation of output power of sweep oscil- 

lator 

The deviation of output power of the sweep 
oscillator depends on the characteristics of 
oscillator itself and the effect of tracking of 
repeller voltage and long line effect. Actual- 
ly, the deviation of output power is 0.1~0.4 
dB over +15 Mc bandwidth. 


3) APC loop Gain 


The variation of APC loop gain due to the 
variation of microwave level depends on the 
detector characteristics; also it depends on 
the variation of klystron modulation sensitivi- 
ty. An example of loop gain characteristics 
is shown in Fig. 17. Loop gain is adjusted to 
the value having a margin of more than 10 
dB from the maximum value. 
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Fig. 17—Loop gain versus frequency 
characteristics. 


4) Influence of Fluctuation of Power Supply 

The variations of display of the equipment 
itself are less than +0.3 dB with power supply 
fluctuations of +5 %. However, the variation 


of repeater gain due to the fluctuation of re- 
peater power source becomes important dur- 
ing measurement of repeater characteristics, 
Actually it is in the order of 0.05 or 0.1dB. 
5) Noise and Hum Level 

Visible noise level on the cathode ray os- 
cilloscope is suppressable by narrowing the 
response frequency characteristics. As de- 
scribed in Section 1, the self oscillating type 
barretter detector has a natural frequency. 
Noise components near the natural frequency 
are accentuated, and they cause increase in 
noise level of the display. 

Therefore, it is necessary to eliminate the 
higher frequency region in order not to have 
a large peak response. Actually, the level 
was about 0.02dB (f-p) on 1dB scale with 
input level of —5dBm. And if the measur- 
ing signal is amplitude modulated by the hum 
component of the repeater power supply, it 
also causes some error. The effect of the 
hum component of the measuring equipment 
itself is the same. At the standard condition 
(IF detector input of —2dBm and gain of 
the vertical amplifier adjusted to 1dB_ full 
scale), the slope caused by the hum com- 
ponent on the cathode ray oscilloscope is 
0.5~1.0 mm with measuring equipment only 
and 1~2 mm through repeater. 

6) Connection with Repeater 

In the case the output of the measuring 
equipment is connected to the receiving in- 
put test terminal of the repeater, it is desira- 
ble to apply APC at that test terminal. In 
order to realize this condition, it is necessary 
to connect directiy the directional coupler in- 
cluding the barretter mount for APC to the 
waveguide input terminal of repeater. 

However, because of the test terminal is 
of the coaxial type in some type of repeater, 
coaxial cords are used between the test  ter- 
minal and APC circuit. This may cause long 
line effect, and measurement errors occur. 
The error due to this factor is about 0.1 dB 
maximum for SF-B3 system as shown in the 
next section. 


3.1.5. Considerations about Accuracy 


The accuracy of the measurements of am- 
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Fig. 18—Connection diagram for measurements of 


plitude characteristics varies with the type of 
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amplitude characteristics. 


Table 2 


repeater. In the following, two types of re- ACCUIRAGY conn ie erie ae 
peater—the SF-B3 system and the SF-B4 
system—are discussed. The SF-B3 system (A) ACCURACY OF SF-B3 SYSTEM 
has a capacity of 600CH and the SF-B4 
system has a capacity of up to 960 CH. Puce ccn aa Enon (i 
The connection diagrams for each system - 
are shown in Fig.18. The following are Reside nor LADO ppt 
considered as error factors: ; 
1) residual APC output deviation, APG Detect me 
2) characteristics of detector, 
3) long line effect, <a eee 
4) characteristics of waveguide circuit. Sending, (| Pisermanel 6 apis 0. 083 
Each factor is tabulated in Table 2, (a) and : 3 eae 
(b), for SF-B3 and SF-B4. tong, ee 0. 08 
From Table 2, it is clear that for the most 4 = = 
typical system the SF-B3, the accuracy of Lossy Cord 0.015 
measurements of #-IF amplitude character- : 
istics is about 0.2 dB. Detector 0.01 
The deviations of amplitude characteristics Receiving © |-———_-—— > 2-2 
are read from the scale installed at the surface Calibration 0.02 
of the cathode ray oscilloscope. Calibration eae 2 = 
is achieved by 0.5 dB chopping of IF detector Total 0 213 


output. Because the chopping width is select- 
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(B) ACCURACY OF SF-B4 SYSTEM 


Error Factor Error (dB) 
Residual of APC 0. 01 
Sending APC _ Detector 0, 035 
Directional Coupler 0. 043 
Detector 0. OL 
Receiving — 
Calibration 0. 02 
Total 0.118 


ed for standard input level, —2dBm, some 
errors occur with variation of detector input 
level. They are less than 0.02dB over the 
variable range of +5 to —5dBm. 


3.2. Amplitude Characteristics Measur- 
ing Equipment for 6000 Mc Band 
(Type WJ-61 Measuring Equipment) 


In the 6000 Mc band, wider band trans- 
mission than for 4000 Mc system has been 
considered. Therefore, higher accuracy meas- 
urements of amplitude characteristics are re- 
quired. Because of the fact, however, that 
the measuring method described above seems 
to be the best, any essential difference is not 
considerable for the 6000 Mc system. 

However, some improvements will be ex- 
pected by considering the method of con- 
nection between the repeater and_ the 
measuring equipment, and by properly using 
the circuit elements or microwave compo- 
nents. 

The different points compared with Type 
WJ-310 Measuring Equipment are as follows: 
1) Frequency band is from 5900 to 6400 Mc. 
2) Receiving detector is useful for both » and 

IF signal using the individual barretter 

mount and simple switch. Therefore, the 

microwave detector provided in the adapter 


is removed. 

3) An on-off microwave attenuator with an 
attenuation of 10dB is used in order to 
extend the variable range of repeater input 
level. Resultant variable range with availa- 
ble APC is more than 20 dB. 

4) In order to obtain high enough APC loop 
gain over the entire range of the APC de- 
tector input level (—5 to +5 dBm), the gain 
of the APC circuit is continuously ad- 
justed by an attenuator interlocked with 
a microwave attenuator (reactance attenu- 
ator). In the old type WJ-310 measuring 
equipment, loop gain is adjusted for each 
5 dB of reference detector input level. It 
is rather easy to maintain the loop gain of 
more than 40dB without any effect from 
the repeater input level. 


Conclusion 


The objects of measurements are usual micro- 
wave circuit elements and especially multi- 
channel microwave repeaters. The measure- 
ments of repeaters are made from microwave 
receiving input terminal to IF output terminal, 
pz-IF, or to microwave output terminal, sy. 
Therefore, the output frequencies differ from 
the input frequency, and this is a dominant 
fact that prevents the improvement of measur- 
ing accuracy. 

On the other hand, the requirements for 
repeater become more and more severe with 
the increase of transmission band width. 
Consequently, measuring equipment with 
higher accuracy is required. For example, 
accuracy of measurement better than 0.1 dB 
over a band width +15 Mc is required for 
transmission of 960 channels. 

In order to develope the measuring equip- 
ment having an accuracy of better than 0.1 
dB, the use of a barretter as a detector was 
suggested, and the self balancing circuit as a 
detector was analyzed. Moreover, a new APC 
circuit using a barretter as a reference de- 
tector was suggested, and theoretical and ex- 
perimental results was described. Maximum 
loop gain of about 70dB was achieved for 
alternating current component of output de- 
viation. 
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Moreover, we discussed the functions and 
performances of complete measuring equip- 
ments for relay stations of 4000Mc and 6000 
Mc system, and it became clear that 
those equipments have achieved initial goal 
of an accuracy of 0.1 to 0.2 dB. 
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Binomial Probabilistic Sequential Circuit’ 


Makoto SUGIMORI;+ 


This paper describes three types of recurrence circuits in which the output is given by a 


sequence of probability distributions to an input sequence. 


Such a probabilistic circuit is 


constructed of three circuit elements; a binomial probabilistic transform with a finite time 
lag, a probabilistic branch, and a distribution adder, which are introduced in this paper 


for the purpose of contributing to a high reliable circuit design. 


The author has extract- 


ed a special determinant which is the indicial function of a discrete system, and then, 


shows the output distribution to the input distributions sequence, the covariance between 
the output distributions, the additive process of the output distributions and the expression 
of mean and variance of these limit distributions. 


Introduction 


One of the most important problems in 
high reliability construction is to represent a 
given system as a probabilistic transfer system 
in sequence of operations. In design, the rule 
of transform which prescribes the system 
used to describe definitely but it should be 
represented “probabilistically” by nature. 

A circuit containing delay elements such 
as relays in electrical circuits and neurons in 
the nervous system is called “a sequencial 
circuit” and the performance characteristic of 
such a circuit can be studied in terms of a 
truth table, logical functions with delay oper- 
ator, or more intuitively, combining certain 
primitive logical symbols, automata or a state 
transition diagram. 

It should be noticed that, first, in a definite 
transfer system an output is determined u- 
niquely corresponding to an input sequence 
and the system reliability is always 1 if there 


* MS in Japanese received by the Electrical Communi- 
cation Laboratory, on September 24, 1960. Originally 
published in the Kenkya Zituydka Hokoku (Electrical 
Communication Laboratory Technical Journal), N.T.T., 
Vol. 10, No. 4, pp. 657-681, 1961. 

+ Nishibori’s Research Section, 


is no external disturbance but this is unreal 
or an ideal situation. In a probabilistic trans- 
fer system an output distribution is deter- 
mined uniquely corresponding to an input 
sequence and mean value of the output dis- 
tribution is equal to the output of that de- 
finite transfer system, second, the reliability 
of an element in a device is a monotone de- 
creasing function of time, but when we dis- 
cuss the function of the element working in 
the device, the function is continued by re- 
placement whenever that element gets out of 
order, therefore, the reliability of the function 
is not monotone and the probability of mal- 
functioning is given by a recurrence type 
Markoff process. 

An object of our study is a recurrence 
type Markoff process. In Markoff theory, a 
system is described by a transition probability 
matrix. But we represent a given system by 
a probabilistic sequential circuit which con- 
sists of three circuit elements; a binomial 
probabilistic transform with a finite time lag, 
a probabilistic branch and a distribution ad- 
der, instead of the transition probability 
matrix. In the next section we will give the 
definitions of these three circuit elements and 
extract 7 theorems concerning the relations 
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between input and output distributions of 
such an element. There are three funda- 
mental circuits; a series circuit, a parallel 
circuit and a series-parallel circuit connecting 
two circuits by a delay element. Using these 
three fundamental circuits we will construct 
various binomial probabilistic sequential cir- 
cuits [discrete (constant difference, noncon- 
stant difference) system: continuous system, 
stationary system: quasi-stationary system: 
non-stationary system] and extract a_ special 
determinant, that is, a circuit operator, which 
is the indicial function of the discrete system, 
and then, using this circuit operator, we will 
show the output distribution in any time to 
an input distribution sequence, the covariance 
between the distributions of the output sequ- 
ence, the additive process of the output dis- 
tributions and the expression of mean and 
variance of the limit distributions. 


1. Fundamental Form of Probabilistic 
Transform and Their Properties 


In this section, we will define first the 
three circuit elements; a basic probabilistic 
transform, a probabilistic branch and a dis- 
tribution adder. The basic transform is a 
binomial probabilistic transform. Second, we 
will show the properties of the fundamental 
circuits of the probabilistic transform in the 
theorems concerning the relations of input 
and output distributions and prepare for the 
construction of a probabilistic sequential cir- 
cuit in Section 2, 3, and 4. 


Definition 1. A binomial probabilistic trans- 
form with time lag 06 is aC,pi(1—p)*-*(= 
b(i;a,p)), where a is input, 7 is output 
and there is a time lag 6 between a and 
z. In symbol, it can be represented as 
shown in Figure 1. 


Fig. 1—A binomial probabilistic trans- 
form with parameter p, 0. 
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If input a is a random variable, then out- 
put 7 is given by a compound distribution. 


Example 1. If input a is a Poisson dis- 
tribution with parameter 4; p(a)=e-74*/al, 
then the output in time 6 is followed; 


a= > p(a) b(t; a, p), 


a=0) 


ODiten a {Al —p)}s— 


ON Se PP, a—1 


r 


CHAP 
i! ea i} . 


Consequently, the output at time 0 is a 

Poisson distribution with parameter 4p 

and does not exist at any other time. 
Theorem 1. A series circuit of a bino- 
mial probabilistic transforms with para- 
meter /;, 6;(i=1, 2) (Fig. 2 (a)), is equiva- 
lent to a binomial probabilistic circuit 


2 2 
with parameter II p;, } 6; (Fig. 2 (b)). 
7=1 i=1 


Fig. 2—A series binomial probabilistic 
circuit. 


Proof: The proof is shown by the follow- 
ing: 


a 
21 b(H; a, p:) bi; n, pb) =b(isa, pips) (1) 


Let »—i=m, then the left hand of Eq. (1) is, 


: al___{ pp.) 


5 Ee LA ie al 


(PIAS 2) abe, 
Ls. | Cl—p,)* Pa 
a! 

(a—i)! il! 


=(1—pi:)*"*(p1 p2)* 
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may be shown by theorem 2: 7=ap, 7= 
apA—ap)+p?=7. 

Example 3. If the input is a binomial dis- 
tribution b(a; N, py), then the output in 
time 0 is a binomial distribution: b(i; N, 
pop) from theorem 1, which may be 
shown by theorem 2: 


a (a—1)! ao 


m=0 (a—i—m)!m! 1—), 
=(-p)**(p. pt © 1+ p\1—p») i e=ip=No bob, 
~ (a—i)! 1 {= - 
a t=ap.l—p)+4p’=N ppp—p) 
a\ 
Tapia PrP OPPs)? *=b G; 4, bide) +N po(1—po)b?=N pop —pob). 


Theorem 3. The covariance C(a, i) be- 
tween input distribution a and output 
distribution i of a binomial transform 
with parameter Pp, 0 is 


Theorem 2. If the input of a binomial 
transform with parameter p, 6 is a 
random number with mean a and vari- 
ance a, then the output in time 0 is 


a random number with mean 7 and Claas (4) 
variance 7: 

ap (2) Proof: 

f=ap—p)+ap" 3) SE re alee ale 


and there exists no output at any = Pa Grae 


other time. 
bat) =bG; a, p) 


Proot>  2= 2) P@) = PO 1) G54, p) . 
i Z i x= i Pa) (a—a) di DG; a, P) G—ap) 


= YF GG) 2 =a 


a 


= 5) p(a)(a@—4) Ga—ap) 


\| 


a 


1 POG-I)*= F pO G— apy’ Ea=ap 


Lu 


—— p(a)(a—4)(ap—ap) 


di P(a) bG@; a, p) @—ap)? 
at 


= ¥ pla) © bij a, p) {Gi—ap)? =p X p(a)(a—a)’ 

a a 

=] NG. 

+2(i1—ap)(ap—ap) + (ap—ap)*} 
Theorem 4. If there is covariance C(ij) 
between input distribution i, 7 of two 
binomial probabilistic transform with 
parameter ~;, 5; ps, 6, then the covari- 
ance C(i’j’) between the outputs i’, j’ 
Example 2. If the input is a Poisson dis- is 
tribution with parameter 4, then the out- 
put in time 0 is a Poisson distribution 
with parameter pA from Ex. 1, which 


=) pa) {apU—p) +P? a@—@)*} 


=ap1—p)+4ap’ 


CG J =pips Ce) (5) 
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t Pi é te 
c(ij) c(i’j') 
j P2.6 y 


Fig. 3—A probabilistic transform of 
covariance. 


Proof: 


CUD= x p(y) G—-i) (j-7) 
Cg y= 2DeT ar) 79) 
eae 
RTs = » PLOD:A PDP 
= - Di )PIIDPGD 


0 CU) = LX PO) PPM VY -*DG-F) 
vj! 


J 


DY pG)@ 2) =7.—7' =p, -D 
a! 


COPD =2- 1b) CO t/;=1p,,t'=ip,) 


O C@7) =pib: XY PAD G-D G-7) 
tj 


=p; p2 Cj). 


Definition 2. A probabilistic branch trans- 
forms input for two or more directions as 
follows: (Fig. 4) 


Theorem 5. If the input distribution a, 
branches off two binomial probabilistic trans- 
forms with parameter ),, 0d; :,6, then the 
covariance C(i;, iz) between the output dis- 
tributions ij, i: is 


Ci, iz) =p; po(@—a) (6) 
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Fig. 4—A_ probabilistic branch c. 


Proof: From the definition of probabilistic 
branch, 
1; + lo =a 
pitp,=1 


Gin) = DU p(@b; @, pi) i—#1) (2-72) 


a 11,12 


=> 2 as P(a)b(ty; a, p1) 41 — pid) (a—1, — pra) 
a 11 


Li pa) & ba; a, pi) {((1—ap,) +pi(a—a)} 


{—(4—ap,)+p2(a—a)} & 


Lb; a, 1) (41 —ap,)?=api 1—p,) =apyp, 

11 

Li ba; a, P1) (41 —ap;) =0 

O % = LY p@{—apid—p:)+pip2(a—a)*} 


= — ap; p2+ Gp; p2=(G—a) py pr. 


Corollary 1. If input distribution a, branches 
off two binomial probabilistic transforms with 
parameter ,,6; f:,6, then the covariance 
C(ai) between the input distribution a and 
output distributions i,, i, is (Fig. 4) 


Caip=pa ; 


(7) 
C(a iz) =pra 
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C§ai)=— x X, PCat’) @’—4") (a—a) 
= x E pape a, p\)(’ —i’) (a—a) 
= x p(a)(a—a@) x b(’; a, pi) (’ — apy) 
— Di 2: P(a)(a—a)? 


=p\a 


Corollary 2. If the input distribution a, 
branches off for two or more binomial _pro- 
babilistic transforms with parameter 4,, 6,, v= 
Ty, 2) cess ,n, then the covariance C(i:,i,) be- 
tween any two output distributions i, i, k, /= 
1, ee ,nis (Fig. 4) 


Ck t1:) = pi Pi(@—4). (8) 


Proof: From theorem 1, the circuit of Fig. 4 
is equivalent to the circuit of Fig. 5 concern- 
ing to ~, f:,6,+6.=0. Therefore, from theo- 
rem 4 regarding to corollary 1, theorem 3, 


a p, 8 a age ee 
i P, l2 
lo, jp’ —— 
1 
r= ee 
1/4 c 


Fig. 5—An equivalent probabilistic trans- 
form with Fig.4 concerning to 
11, ‘hex, 


Pe 


Cat) = ey 


(CRE I,’ ) 
1 
and from theorem 5, 
CG iz =p, — pv G—2) 


CA, iz) =pip2(a—@) 
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Definition 3. A distribution adder is a con- 
volutional system of which the output is 
the sum of the input distributions YX, «+. 
VY: X@Qeres ®Y=Z and there exists no time 
lag in add operation. In symbol, we will 
show this element as in Fig. 6. 


Fig. 6—A distribution adder. 


Theorem 6. A parallel circuit of binomial 


probabilistic transforms with parameter i, 
6(i=1, 2) (Fig. 7 (a)), is equivalent to a_bi- 
nomial probabilistic circuit with parameter 


psd (Fig. 7 (b)). 


(b) 


Fig. 7--A parallel binomial probabilistic 
circuit. 


Proof: The proof is shown by the follow- 
ing: 
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Pe = ja ba; i, P3) b(, bs a, Pi, p2) 
SE lech ym bv; a—y, : ) vt n=j 
y+p=t 1—p; 
: cee x are oe pe ) 
=b(i; a, fi tpz). (9) b(4, 5 4, Pi, P2) = bC; a, pi) DCw; a—-2, (=), 
The left hand of Eq. (9) is, fe 


=. <= pi pA —pi—- fa 
i! pl(a—i—yp)! 
du bO, 4; G pr, p2) 
v+psi ms ; oo Ol” Med ee 
CUD= % PDG-HYU-P) 


a) v u a y-pu e 
= )i pose ee ay 
yvtu=t ve fs FU: = sab (1-7 )(v+p—b+p) pl, Vv, LL) 
iaitee 


substituting “~=i—», then 


! 
a. er a-i 
® vidi—v)! (a—7)! Pu pe A= Pies) ; 
» wd : : +) GD w—-MPG », 


vu 


a\ i! 
— as —f),)e-7 - y Aot-» § a © ‘ r 
Gai Pi Pe 2 See = ¥ i-7) (vd) dO; 5, Pa) BG, 15, br, Be) 
ivp 
a! A a ae ee 
=% ei (pitps2)'A—pi—p2)* 3 = ya (t—72 )(u— DG, p55 G, Pi, Do) 
a—1)! 1! re 


bi (t—2)(v—v)bQ; 1, ps) bb; a, Pr) +Cips) 


ty 


= b(t a, pitp2) 


Theorem 7. If the input distribution | a, 25 Ga 6 f0Gs see 
branches off for two binomial probabilistic i 
circuits with parameter /j, 0; f2, 26, and also, 


the output at time 0 is transmitted to a =Ps X G@—7t)°bG a, pi) + Cp) 
binomial probabilistic circuit with parameter 
p3,6 and the outputs »v, », of the two branch- =pyi +Cli wp) =C(iv) +CGp) 


ing circuits are summarized. then the 
covariance C(ij) between the output dis- 
tribution at time 6 and the output distri- 
bution at time 26 is, (Fig. 8) 


Fig. 8—A series-parallel binomial 
probabilistic circuit. 


Cj) =CUi pp) +Cliv) (10) 


2. Binomial Probabilistic Sequential 
Bernal Circuits. I (Constant Difference 
Discrete System) 


pGD= XO pGyw 


Taree In this section, first, we construct three 
types of discrete probabilistic sequential circuit 
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with a constant time difference 6: a station- 
ary system, a quasi-stationary system and a 
non-stationary system, from the three circuit 
elements which we have defined in Section 1. 
It is a synchronous circuit and there exists 
a constant time interval 0 among input dis- 
tributions aj, ai,, and output distributions f;, 
fi11,7=0, 1, +--+ . Second, we show the pro- 
perties of binomial probabilistic sequential 
circuit in the theorems concerning the output 
distributions (mean, variance, covariance, ad- 
ditive process and limit distribution) provided 
that the input distribution is a Bernoulli’s 
sequence. We state also the output of the 
system is a recurrence type Markoff process 
and extract the transition probability matrix. 
Finally, we note the estimation of circuit 
parameter. 

We will discuss the non-constant difference 
discrete system in Section 3 and the continu- 
ous system in Section 4. 


2.1. Circuit Construction 
2.1.1. Stationary System 


In the stationary system, the input in time 
t=0 be a and there exist no inputs, then 
the output distribution f, in time 2d is given 
by the sum of the output distributions f,*© 
of the conditional probabilistic transform: 


f, = iy Coit Nelsfateleteleie ®) F,*O 


f,* =b (ji », bi) 
pz 
*>* Jo? 
fi, b(is L fom) 


: Pn ) 
*(n) — we 
fr bin aye 


where 


Fi =pi;+pe+ aeciean + pr k=O! 1 cesses Nn. 

The probablistic circuit can be represented 
as shown in Fig.9. In this circuit every 
probabilistic transform has the same constant 
time delay. Regarding Theorem 1 and 6, we 
may reconstruct this circuit as shown in Fig. 
10, of which all the time lags are integral 
multiples of a common value 0. Where (f,, 
, Pn) 1S a circuit parameter or a group 
of probabilistic transforms by which the 
system is represented. 


2.1.2. Quasi-Stationary System 


In the quasi-stationary system, the group 
of probabilistic transforms varies with the in- 


Fig. 9—Constant difference discrete binomial probabilistic circuit. 
Stationary system. 
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Fig. 10—Constant difference bi- 
nomial probabilistic se- 


rears Depew ; ; 
s quential circuit. 
Stationary system. 
a> a 
| | 
DED So. hE ae ) 
D g is n i p 5 ss 
L ey | 
ae a 
Ne fo.fs, fe. 


Fig. 11—Constant difference binomial probabilistic sequential circuit. 
Quasi-stationary system. 


put a; in time 70, 7=0,1, +++ Therefore the 
quasi-stationary circuit may be constructed of 


n stationary circuits such as shown in Fig. 
Be 


2.1.3. Non-Stationary System 


In the non-stationary system, there exists 
no group of probabilistic transforms as stated 
above. The output distribution f, in time nd 
for input a is given by the sum of the out- 
put distributions f,* of conditional prob- 
abilistic transform: 


fan =fa® Fit * ese @ f,*~ 


hens =p) He vy, Pn-1.1) 


fate 2} Lt, oe ) 
LAM =| ja ie 
Ub Ub cvesreene +€E=Apy 
Fi eee t+jn=J 
where 
Fuc=piatprate +pis, 1, R=0,1, ee, 0. 


Non-stationary systems can be represented 
by a probabilistic circuit as shown in Fig.12 
(a), but regarding Theorem 1 and 6, they 
may be reconstructed like Fig. 12 (b). Where 
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Fig. 12 (a)—Constant difference discrete binomial probabilistic circuit. 


Non-stationary system. 


Fig. 12 (b)—Constant difference binomial probabilistic sequential circuit. 
Non-stationary system. 


(Por, Po, Seleverete ; Don} Pur, Pr, pinlefelele ; Pin -pyreseneeee potter 2 


pn-11) 1S a circuit parameter but there exist 
no group in such a parameter. There is 
only one difference between the stationary, 
the quasi-stationary and the non-stationary 
systems; that is a difference in connection. 


2.2. Output Distribution 

2.2.1. Stationary . System 
Theorem 8. If an input a is transmitted 
into a discrete stationary circuit with para- 


meter (Pj, po, , pn), then the output dis- 
tribution f, in time vd is a binomial dis- 


tribution: 
fy=DG; dy Da): 
where 
Dr= pi pe * Dn 
la kite Paste nas bee 
=] py Powers Dae 
=i pi ps 
cel idem} 
which is the circuit operator. 
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(12) 
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i v= hie bag P= be Lo 


ii w=? hehe Oi 
Regarding Theorem 1, and 6, 
fr=b(4; a, Per +p2) =bC4; a, D2) 
iii 2=3, f=f,* & f,** @ f,7** 
f,;*=b(j; ao, P1D2) 
f,** = b(R; Qo, D2D1) 
f,*** =D; ao, Ps) 


ips bos d, piD2)+ 


i=j+k+ 
bCR; do, PiD1)-bC; ao, bs) 
From Theorem 6, 
f3=b(t; do, PiD2+p2D1+ ps) 
=b(43 a, Ds) 


iv In general, 


i,=veG: Q, PiDn-1+p2Dn-2+ eieietelets +n) 


=| ih, ID), 


For example, 


Fo=fott+ fort fy 
=d)( pi1D2+p2D,+p3) =a)Ds 
Fax Fat t+ fat* + fot * +2C(hy*hy**) 
+20 fg*f,***) +2C fa**hg***) 
From Theorem 5, 
Cf3*f,**) = —AopipeD, D2 
CF3*f,***) = — aopiDops 


CCh**F,***) = —anpibods 


hence, 
f3=4P1D21—p1D2) + @p2D,A —peDi) 
+ aypy(1—ps) — Q2pipeD1D2—ao2p,D2p3 
—A2piprps 
=a)( p;D2+p2D,+p3) 1—piD2—p2D — bs) 
=)D3(1—D3) 


Theorem 9. If the input distributions (ao, 
Gy, Ay, 000 ,a,) of a discrete stationary circuit 
with parameter (/, po, °° par is a Ber 
noulli’s sequence, then the mean f, and 
the variance f, of the output distribution 
f, in time no are, 


nH 
Faz di, GiDn-1i G3) 
= a aA an (14) 
—1 pr Pp Ae Dn 
3) Pi pe eccccccce Bn =1 
=] Pi pz 
mat a 


z= n nm 
fr= 2X 4Dn 1 — Daa) + Dd, 4iD ni 
i=0 


es 


(15) 


Proof; ag1=0)1. = are independent, so f, 
is given by independent sum of +1 output 
distributions in time nd for input a;,i=0,1, <= 

From Theorem 8, the circuit operators in 
time 4, 260, 30, «+--+ are D,, Ds, Ds, ------ , therefore, 
from Theorem 2, it can be formulated by 
Eq, (13), and Eq. (15). 


2.2.2. Quasi-Stationary System 


Theorem 10. If the input distributions (ap, 


Gy, Ay, <0 ,a,) of a discrete quasi-stationary 
circuit with pararmeter (po1, Poo, +++, Pont Pt.n—1, 
Pr.n—2, ****, Pir3 +75 Pn-1a) 1S a  Bernoulli’s 


sequence, then the mean f, and the vari- 
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ance fn of the output distributions f, in 
time nd are, 


i= Ds Qi aa (16) 


a n n 
fa= a Gi) Dp NID 5) ys (i) Ds 5 
1=() 


7=0 i= 
(17) 


where 


Dee pe Dig crrcrr sree tenet eee Diy 3 
<1 Pi Picgrrrrsrtette te Di nit 
=) Dia Pigrrrrtrte ee (Dispai=e 


al Pin Dis 
= ioe 
(18) 
Proof: From Theorem 8, a component of f, 
100d 1s) DC a. Don. and) a, 7=0 1, --- are 
independent, so f, is given by independent 


sum of z+1 binomial distributions, therefore, 
from Theorem 2, we get Theorem 10. 


2.2.3. Non-Stationary System 


Theorem 11. If an input qa is transmitted 
into a discrete non-stationary circuit with 


parameter (pot, Por, puuend ’ Pon; Pir, Pr», eee Ss , Pi.n-1; 
vetoes 2 <--->), then the output distri- 
bution f, in time 76 is a binomial distri- 
butions: 

5 =lCk Qo, Dias) (19) 
where 


Do.n= Dor Dogterstrerrsstsrtseesee Don (20) 
<1 pir Pig Pinas | 
—1 fon Pog Pon-2 


—l Pn-2.1 Pn-2.2 | 
—l Dra | 


which is the circuit operator. 


Proof: 


= if =D a, Pe aa Dae) 
ii) Fr=Fr*Q fo®*Q vee Qh,* 

fa =D; Oy Pre ouneD 

fy R= DCR Op, Pre ee) 

F,# =b() ao, Pon) 


fi, ea ma bj; Qo, Pa-1.1 ID coast) 
DJL 


DCR; ao, Pn=2.2 Dis) ree bC Qo, Pon) 


From Theorem 6, 


Hien =| Qo, Pn-1.1 Da cash + Pn—2.2 Do.n-2 Ae 


fr—=bdt: Qo, Die 


Theorem 12. If the input distributions (a, 


Care ,a,) Of a discrete non-stationary 
circuit with parameter (Pou, Poo, +7" Pour Dias 
Dire: Pint; °°} Pn-ia) 18s a Bernoulli's 


sequence, then the mean f, and the vari- 
ance f, of the output distribution f, in 
time 76 are, 


=| Por Doorrrrrresreeees es Pon | 
ih Pu Prgvrrrree Pint 
—l Dro Dipaep 

=I Pn-1.1 } 


638 
os 7 n x 5 
te DS @ Din—-A—Din-y+ an a1 D?*t.n-t 
7=0 i=0 
C22) 
Din-t=! Piet Pig rere Pint (23) 
| —1 Piva. Pi+t.2 fences ae Slee Pisin-t-1 
—l Di+21 Di+2.2 Pi+it.n-i-2 
= Pn-2.1 Pn-2.2 
—] Dn-1.1 
Proot: avi=0, 15 es are independent, so 


from Theorem 11, and Theorem 2, we get 
Theorem 12. 


2.3. Examples 


2.3.1. Binomial Distribution Input 
Sequence 


If the input sequence is a binomial distri- 
bution sequence: ai=b(j;Ui,7:),i=0, 1, 2, ++ : 
then the mean f, and variance f, of the 
output distribution f, are, 


to DS UiniDin-i (24) 
i=0 
fea fae Dy CG ADs (25) 
7=0 
where D;j.,-: is Eq. (12) in a stationary system, 


Eq. (18) in a quasi-stationary system and Eq. 
(23) in a non-stationary system, will here- 
after be in conformity with this notation. 


2.3.2. Poisson Distributions Input 
Sequence 


If the input sequence is a Poisson distri- 
butions sequence: a;=e-%A4;i/j!, i=0, Lewes ,n, 
then the mean f, and the variance f, of 
the output distribution f, are, 


= = n 
Ja=fa= 2 Ai Dias (26) 
‘= 
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that is a Poisson distribution with parameter 
Ai Dinan 


2.3.3. Polya-Eggenberger Distributions 
Input Sequence 


If the input sequence is a Polya-Eggenber- 
ger distributions sequence: ai=Ai(Ai+ pi) Ait 


203 OT (Ait ( J—l) pi y w/t A, Pi+1 2 0, i=—(, 1, 
2, cree _n, then the mean f, and the variance 
f, of the output distribution f, are, 


fn= 4: Den-t (27) 


Faia ve Ai Oi 44 (28) 


that is a Polya-Eggenberger distribution with 
n 
2 Nip *in=t 

parameter 2,= fn, pn=2— ; 


2.3.4. Uniform Distributions Input 
Sequence 


If the input sequence is a uniform distri- 
butions sequence: 


1 : 
i= = SIF 
a Pon asj=b 
0 a7, Op. 
Z=(): ye Ze eecece Shs 


then the mean f, and the variance f, of 
the output distribution f, are, 


Dina (29) 


ry ere he (b:—a;)* aitd; ss 
frn=fat a 12 oar 9 ID tent 


(30) 


2.3.5. Geometric Distributions Input 
Sequence 


If the input sequence is a geometric distri- 
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butions sequence: a;=p;(1—p;)/-, i=0, 1, ++ ; 
n, then the mean f, and the variance fn of 
the output distribution f, are, 


=e n ] 
i ey =. Dees (31) 
1=0 Di 
Fa=fot B= -(5 —2)D' (32) 
nr 7 <0 Di Di ~ ten—v 


2.3.6. Pascal Distributions Input 
Sequence 


If the input sequence is a Pascal distri- 


butions sequence: a=(_ ; eed pi)F-H, k 


=Ji, Jisr, Jisgrreee*, 1=0, 1, ,n, then the mean 
fn and the ee fn of the output distri- 
bution f, are, 
= n i 
fr= Da 7 Dis (3) 
7=0 Di 


» = n AG 
ni a8 —2 DY! ien—t (34) 
PuaFat 3 2) 


WAs¥f(- Hy perceometric Distributions 
Input Sequence 


If the input sequence is a hypergeometric 


. : : M; N;-M; 
distributions sequence: a=(“ ) pa i 


oo 0<j< min (7, M3), i=0, 1, 2, + ,n, then 


the mean f, and the variance /, of the out- 
put distribution f, are, 


ey aD, (35) 
=0 


—— D2 (36) 


2.3.8. Exponential Distributions Input 
Sequence 


If the input sequence is a exponential dis- 
tributions sequence: aj=2ie~*/, 1=0, 1, + 1”, 


then the mean f, and the variance f, of 
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the output distribution f, are, 


= a Die < 
fre (37) 
1=0 Aj 
eta a al : 
Fin= fire Da ( =1) Dina (38) 
i=0 hi Ai 


2.3.9. Gamma Distributions Input 
Sequence 


If the input sequence is a gamma _ distri- 


: pitt os: ; 
SS ai—le- Bij i i i 
butions sequence: a; Pian? , a, Bi>O 
i=0, 1, ++ ,”, then the mean f, and the vari- 


ance f, of the output distribution f, are, 


— OG 

fe = Sy =| Dead (39) 
7=0 Bi 

= oe Saag ee il - 

ie a i Bi =1)D Ena (40) 


2.3.10. Generalized Poisson Distribu- 
tions Input Sequence 


If the generalized 
co A; J 


Poisson distributions sequence: a.=| ae 

0 . 
dp(A:), t=0, 1, «++ ,n, then the mean f, and 
the variance f, of the output distribution fF, 
are, 


input sequence is a 


Ve: ap (4) Dini (41) 
0 


Ss 
i 


Fiat + th (A;—m)? dp (Ai) D* ini 
(42) 


2.4. Representation by Markoff Process 


i>s, then there exists in 


Let © pi=1,p.=0 


stationary system s possible states: state 7 
for the realization of the probability trans- 
form in (j—1) steps before j=1, 2, +--+ se and 
we get the transition probability matrix P@- 
+1) between (n) step and (+1) step, for 
example in the case where s=4, as follows: 


640 
ete ez a webe re yt 0 
| 0 0 0 0 
0 0 0 0 
0 0 0 0 
pa-2)= py 1—F; 0 0 
p2 1—F, 
Tore te Oe ee 
| 
0 0 0 0 
0 0 0 0 
PeM=| p 1-F, 0 0 
herd i= 
ere OA esr 
lope Oe 
| 
0 0 0 0 
PASS patsy per = wie eee =pa 
=| p 1I-K 0 0 | (43) 
| | 
| 
| pe 1—F,; 
ep eee 
i: eyo 
3 = 3 
bes i ar 
1 0 0 0 


where element P,;‘? is a transition probabili- 
ty for one step from state 7 to state 7. Thus, 
the transition probability matrix P“® is con- 
stituted after a certain period 0<n<s—1 of 
composition, and also the transition state dia- 
gram is formed in the order of the progress 


Pee A GQ-Fi) pi 

ee 1 

| | a De | G—F;) ~:0) 
= 1 

| |e) p2 | G—-K) ad 
ela Pi 

| Pall) d=F) ps1) 
= 1 
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14 
n=0 - (ee 
dea 
1 i; 
axl Py Oa 
ide 
1-F, 
1-F, 1—F; 
i=iy 1-F 1-F 2 
i Ae 
P3 
1-f, 
1-F, 1—F 3 
i= 1-F 1-F; 
n= 3,4, eeeeee Py 


Fig. 13—Composition of transition state 
diagram p“”. 


1, 2,3, srr ,s as shown in Fig. 13, and per- 
fected at s—1 th step. In this period of com- 
position and near after, the output of station- 
ary circuit shows transient phenomena. 

If n>s-—1, the transition probability p;;@ 
for 2 steps, p:;® for k steps k=2,3,------ , are 
given by P®O=PO.P@ Pwm—Ppé-D.pw@ as 
follows: 


a—F) 0 (44) 
0 (1—F3)/1—F; 
0 0 
0 0 
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Ee. | ye » br (SF) pe | a-F)p 1—F, (45) 
1 2 
mal Dr 5; 
AQ) 21@ 008)|aA-F)D| 2,0) Pi(2) 1_—F)pi0) 0 
=I 1 Pe (hee Pi 
at Pi 
pe) p22) GF) p21) Vp:@) Gh=sayya®) Q 
= pr p2 | Py | 
=! pi 
P31) foe ps) (—F))p3(1) 0 
= 1 Pi pz Al pi 
mel Pi 
pos ieee - S o d—F)) | a 4 - C—F)) Ps ie | A—F3)p; | (46) 
abe =, i 5 4) | oP 
pat ee 
pi) x2) PG) | |G—F)] Pi) fi) p8)|A— Fr) | x) bx@)/A—Feypi)| 
= 1 2 3 = ! 2 | i= 1 
1 pr Pf a ey ae) 
a et | 
P21) ee) 5 Clas st) Pat L) p2(2) é af) | p21) pe(2) | A—F3) p21) 
— 1 2 3 as. 1 2 | me 1 
= Pipe 1 pt 
= pi | | 
aS . P A G—F;) | ps4) 5 A (1—F),) Pat) 5 | A—Fs)ps(1) | 
2 1 2 3 1 2 iy =z 1 
=A Py Ps ot awe | 
ek Pi 
ee pC ae | ae get the following theorem concern- 
i ig « 
eet 1) pa) = bilj)\ (47) Theorem 13. The transition probability 
matrix P“ in a stationary system 1s, 
—1 py Prarrrveneeeees pj-1 
—1 pr pro Pj-2| 
=I Pi p2 
te Pa 
Pwe= Diy (1—F)Do.n-1 (1—F)Do-n-2 A—Fi-) Do. (48) 
| Din A —F,)Dien-1 A —F2)Dy.n-2 (1—F,-;)Dy.1 
Ds.» (1—F,) De.n-1 C= Fs) Do-n—-2 (1—F),-;)D2.; 


Coden r wesc rere s reser essere ees sesssresssesseees eee 
wee ere c cree ee eseseesesessseeeesesssseeese 


dA—Fy)Dn-1-n-1 


1—Fs)Dn-t-n-2 


el — F,-1)Dn-1-4 
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Determinant D,: Eq. (12) and Dj,.;: Eq. (47) 


possess a next important property. 


Theorem 14. D, converges to 1/m as n> 
co, where m™=itpi, Dpi=l. 
1 1 


Proof: Dn=f1 Dn-1+b2Dn-244 Eg + pr-1Di+pn, 
Yi p=l1, so D, is probability on which re- 


current event ¢ occurs in time nd. Therefore 

if ¢ is not periodic, then D, converges to 1/ 
. . 1 

m, where m is the mean recurrence time.“”’ 


Theorem 15. Dj., converges to 1/m as n 
sco, where m= 2st Di, i pi=l. 
Proof:  Din=piC1)Dn-1+pi(2)Dn-2+-° +pi(n 
—1)D,+p:(n). From Theorem 14 Di * bi(t) 
—0 as noo and >) pi(j)=1, therefore Dj.n.—> 
j 


1/m. 

From Theorem 13 and Theorem 15 we get 
the following theorem concerning the charac- 
teristic probability matrix P in a stationary 
system. 


Theorem 16. P‘ converges to P as no, 
where 
a ea ee eee (49) 
m m m 
1 i Nes oh Revi eee eens 
m m m 
1 aes al 2 ae ee 


In a non-stationary system the relation of 
transition is given by Markoff theory as 
following: PC?)=PC>)—Pe-, does not 
become stabilized and continues in a transient 
state forever. 


2.5. Limit Distribution of Output 
Sequence 


From Theorem 9, Theorem 10 and Theo- 
rem 14 we get the following theorems con- 
cerning the limit distribution of the output 
sequence provided that the input sequence is 
a Bernoulli’s sequence. 
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Fig. 14—Transition state diagram of P. 


Theorem 17. If the input distributions of 
discrete stationary circuit is a Bernoulli’s 
distributions sequence a;, i=0O, 1, -++++ 1 =0 
i>v, then the mean f, and the variance 
f, of the output distribution f, converge 
to f, f as no: 


wl Af AIS eee 
J= ap (G in) ayait a (51) 


Theorem 18. If the input distributions of 
discrete quasi-stationary system is a Ber- 
noulli’s distributions sequence a; i=0,1,-+++-- 
v,ai=0 i>», then the mean f, and the 
variance f/, of the output distribution f, 
converge to f, f as no: 


= x an (52) 
oes a ce 
R= py ey {(1- Sy Jat es ai} (53) 


2.6. Covariance between Output Dis- 
tributions 


2.6.1, COpi. 


Let three systems be represented by Fig. 
17 (a), Fig. 18 (a) and Fig. 19 (a) for the sake 
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Fig. 15—Equivalent probabilistic 
transform regarding to 
fi, f; of — stationary 
system. 


Fig. 16—Equivalent probabilistic 
transform regarding to 
f;, f; of quasi-stationary 
system. 


Fig. 17—Equivalent probabilistic 
transform regarding to 
fi, f; of non-stationary 


system. 
of convenience, then these systems are equi- where D;: Eq. (12) 
valent to probabilistic circuits of Fig. 17 (b), 
Fig 18 (b) and Fig. 19 (b) regarding to fj, fj. Hi.j-1=| fi po + Pi-1 O Piste pj (57) 
Therefore, from Theorem 7, we get the follow- = A ne OT ee [= 


ing theorems concerning the covariance C(f;f;) 
between output distributions f;, f;. 


Wee 1. PT Psi 0 pee ee bis 
Theorem 19. If the input of discrete 
stationary circuit is only a, in time 0, then SM ll) Poy cescrnce? Dee, 
the covariance C(f;f;) between the output 
distributions f;, f; is, | 
lpi po pj-:-1 | 

C& f;) =aDi {A —Di)Dj-1— Hi.;-2} 


eee e reer reer eevee meee esereesesenesecesees 


+ @) D:(D: Dj-i:+ Hi.j-«) (56) —l p, 
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=x A FoD eAeDEs (58) Theorem 21. If the input of discrete non- 
k=1 stationary circuit 1s only a) in time 0, then 
the covariance C(f;f;) between the output 
(Di;: Eq. (47)) distributions f;, f; 1s, 
Theorem 20. If the input of discrete quasi- C(fif;) = a&oDoi {C1 — Dot) Di-j_-1 + Hi-7_a} 
stationary circuit is only a) in time 0, then 
the covariance C(f;f;) between the output + Gy Dot( Doi Di.j-1 + Hi.7_-«) (62) 


distributions f;, f; 1s, 
* see foot note. 
Cif) =a Doi {1 — Doi) Do.g-1— Hi. 3-1} 
2.6.2. Limit of C(f:f;) 


+) DoiCDoi Do.j-1 + Hi-j_2) (59) 
Theorem 22. If the input of discrete sta- 
where Doi: Eq. (18) tionary circuit is only a) in time 0, then 
the covariance C(f;f;) between the output 
Hij-1=| Por Diyetssseese> Dots OPotes ors Po-j distributions f;, f; converges to Ci; as i-oo: 
—] Pou Poz aie Po-i-2 0 Doi hen ae Po-j-1 
Cis =a : (D, ao )+a : (64) 
—1 pos Poz** Po-i-3 0 i Busipask, OO900C Po-j-2 i mM “im ° mM? 3 
eee a ree On Sen Conte ae Proof: Ffem “Thdvend 190 
—1 0 Pogrerteteeeee Pogies co, Considering the following identity: 
AQ) AY secre ees 0 1 See jad om es 
=) Sree 
Por Poz***Po-j-i-1 =1. Rpg eae Pn 
BE PR re CR EET ECA er TE Dey te 
all Dow 
(60) =f p 
1 
Gest 
= 2 (1 — Fox) Do.j-1-« Decoys (61) (65) 
where D,;.;: Eq. (20) 
Hijee=| Por Pog sronso tere eeee sees Povtzr 0  Posngi® Sodseeeeen-e enews Pos (63) 
=] ~<fyy jg correeees Dutsg 0) ~ Pyg seco seats areas Pig 
=] par Panr*Paacg O Parag eosserweceneeenen eens oe 
=] “Oo jee prow 
=| -6 (\ eee 0 


—1l Pisin Devter*Pirn ya 


POO ee eee eee coe ces ccs ccesccccseceeceeccces 
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Jit 
Py Del -D),, (66) 
therefore from Eq. (58), 
te 1 1 
DON meas aE =D). (67) 


Then the probabilistic transform of Fig. 15 
becomes equal to the one of Fig. 18 as io, 
so we get Eq. (64) from Theorem 7, Theorem 
3, Theorem 5 and Theorem 2. 


Fig. 18-——Limit probabilistic transform of 
stationary system regarding to 
ifap f;, I-00, 


Theorem 23. If the input of discrete quasi- 
stationary circuit is only a) in time 0, then 
the covariance C(f;f;) between the output 
distributions f;, f; converges to Cj; as 


1 co 
1 1 1 
Ciz=G AS De \+a0— (68) 
Mo Mo Mo 
23 
Le) i, Do. j i f; 
e— 
~ 
SS 
SS 
ra 
1 heres 
Mo C=), eae ) 


Fig. 19—Limit probabilistic transform of 
quasi-stationary system regarding 
to fi, f;, 1. 
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1 
Doi 1/m, Hi.j-i (1—Dp>.j;-:) as i> 


0 
co, so the circuit of Fig. 16 becomes equal to 
the one of Fig. 19, then we get Eq. (68). 
In non-stationary system C(f;f;) does not 
converge. 


Proof: 


2.7. Additive Process of Output 
Distributions Sequence 


le 


Let the additive process F;; of the output 
distributions f,, v=7, i+1, ++ ,j for the input 
distribution ay 


Fi j,=F; & fis & o0200 ® Ff; 


then the mean F;;, the variance F,; is 
iven by 


F,;©= = Ff, (54) 
= 96 MES: 
Fy? = De CHF,) (55) 


lee MG Ok i 


From Theorem 22 and Theorem 23 we get 
the following theorems concerning the limit 
distribution F®. 


Theorem 24. If the input is only a in 
time 0, then the mean f,,, the variance 
F,;© of the additive process F;; of the 
output distributions f,, v=7, i4+1, +++ Sip Aba 
discrete stationary system converge to F®, 
F© as ino: 


= 1 
JE ay, Ay 7) (69) 


= 7 1 1 / ; 
FO=d) D; WR) m (D.- )+ ail ; ) 


La, m m 
(70) 
where W(7-k)=7—-k, k>0 
n+k, k<O0 
Os >on Re =7 


jeje De=D = Eq2 Dy =! 
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For example we showed W(j-k) and 
(Di =) in Fig. 20 about 7=5. 


Theorem 25. If the input is only a in 
time 0, then the mean F;,;°, the variance 
F;;© of the additive process Fi; of the 
output distributions f,, v=7, 7+1, ++ ,j in 
a discrete quasi-stationary system converge 


to F©, F© as iso: 


pte ay (71) 


+ ai( a) (72) 
where Die-—= Dice 5, Eq. (18), Dope. 


2.8. Estimation of Parameter 


Let observation of variance F™ over 7=1 


fs ’ 


2, ct for input a@ is o,?, then from Theorem 
24 and Theorem 25 the circuit parameters: 
~i, p2, Mig adhe ’ Prt Cor Pot, Po, mei , Po-n-1) are given 


by the following recurrence formula: 


i Stationary system 


9 9 9 n=l ] il = 
On —O°n-{ =p es ae a m(Di- | (73) 


i=l m 


ii Quasi-stationary system 


Leh 1 _ 
ROE MFO es : (Dui- \hoa) 


| i=1 Mo 
iii Non-stationary system 


We can not estimate the circuit para- 
meter of a non-stationary system in 
this method because the output distri- 
butions sequence does not stabilize. 


3. Binomial Probabilistic Sequential 
Circuits (Nonconstant Difference 
Discrete System) 


In the previous section we constructed dis- 
crete probabilistic sequential circuits with a 
constant time difference 6. In this section 
we will discuss diserete probabilistic sequent- 
ial circuits with nonconstant time differences. 
In such asynchronous circuits the input distri- 
butions a; are transmitted into the circuit in 
time 7, 71, Te, -*°""* , Cyp<tix<ten=-- ) and the 
output distributiens f; leave the circuit with 
the same time sequence. Using the three 
circuit elements discussed in Section 1, we can 
construct three types of nonconstant differ- 
ence (or nonhomogeneous) discrete probabili- 
stic sequential circuits as shown on Fig 21, 
Fig. 22 and Fig. 23, which corresponds to the 
stationary, the quasi-stationary and the non- 
stationary systems in Section 2. 

The reason that we devide the discrete 
system into homogeneous and nonhomogene- 
ous systems are based on control problems of 
output distributions sequence, that is, homo- 
geneous discrete system for a-controll which 
control fis, by {ai} to command keeping 
constant time interval 6 between action time 
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Gin Cope = LoD) cosees and nonhomogeneous dis- 
crete system for z-control which control f 
by {ci} to command for any {a,}. 


In the nonconstant difference discrete system Theorem 26. If the input distributions a, 
Eq:(13)s (15), “Eq-(16), Gand hq, 21)4(22 G1, Az, ** 


s+, a, of a nonhomogeneous discrete 
are equally formulated, so we get the follow- circuit | (Fig. 21) is a Bernoulli’s sequence, 


ing theorems concerning the mean and _ the 
ae variance of the output distributions. 


Fig. 21—Nonhomogeneous binomial probabilistic sequential circuit. 1. 


FN be rk Gas 
ay 1a ={ +) Porp—t1,t2—7y =) Po eet, Sap Gig 
et | : ‘ 21 ee, 


ime 


se 


Cee 


Gr Py ryt, ta by 


St ries ae 


ao 


Fig. 22—Nonhomogeneous binomial probabilistic sequential circuit. 2. 
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a 
(fvall aaa 
Ay 
t—| / 
2 
Sere be 7) 


Fig. 23—Nonhomogeneous binomial probabilistic sequential circuit. 3. 


Zz Dinwi= Dp cy tetctteeeeeeescseceeee Doo, 
ien—t Tis —ti Pli+2—Ti tn—Tt 


then the mean f, and the variance f, of 
the output distributions f, in time -, are 
p t t10 > =f) Deca <cigs Pee ee Page 


Ties os Pepa (75) —1 Dens—cisa Dea—cisa?"Pen—tae 


ti-1—-Tj 


pee =|" o@ dé 


| TL Ben-a-tna Den=n-2 Thorem 27. If the input distributions a, 
| = ee ai, **+,a, Of a nonhomogeneous discrete 
circuit J (Fig. 22) is a Bernoulli’s sequence, 

(76) then the mean f, and the variance f, of 


; . the output distributions f, in time -, are, 
be 2, Dien Din) >t a ND 
i= i=0 


Fas Pe Gi Dien-i (79) 


where . ; 
fr=. & Dini —Dien-s) + dy 4: Dini 
; i=0 


where (80) 
ID iy (Dist aes Dierisa—egtrr rr erent ttt ete tee eee nteeeeeeceseeeessees Dive 2: (81) 


1 Pi-riss—rise Divi opts Diseneetts 


000140 0'0 010 0016 C0 0:6,0'0 09 46.0:000 800 Rb ele sle 6et 006 bun vee oes ceetes.oue sesiscicec'y 


Dieri—2j = ae (€) dé 


Ti-1-—Tt 


Ti- t 
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Theorem 28. If the input distributions a, 
Ay, wrt ,a, of a nonhomogeneous discrete 
circuit I (Fig. 23) is a Bernoulli’s sequence, 
then the mean f, and the variance f, of 
the output distributions f, in time zc, are, 


=| Ay Ayrrr rts stt eee eee ces eeeeeeeeeee @, 

1 | 

| tees Doeeiearo Doveeere eieldrolnieYere-e eels Dovanaea | 
=a! [Dion Diccs=niee’D iver 


= n — Peas 
ee Dige (82) Lo Preatnmsws 
i=0 
(83) 
2 n n 
fra= 2%, 4 Din tA Dina) + Dy Gi Dia 
f= 7=0 
Lee ee ee (84) 
where 
Do = Dizees Di-cins—cyt nt SOC OOS OOS) Dara (85) 
=| [Doh aay al Deneppmoro Wale Celeieive aneieseinseieee eee Dis rea 
ol [Dire goers Piusrarise—riss Dena 
=1 Die ca=oen 


ae * px (2) ai 


Ti-1—Tj 


In the nonconstant difference discrete system 
Eq. (56), Eq. (59) and Eq. (62) are equally 
formulated, so we get the following theorem 
concerning the covariance between output 
distributions. 

Theorem 29. If the input distribution of a 

nonhomogeneous discrete circuit is only ap, 


then the covariance C(fif;) between output 
distributions f;, f; is, 


COG) aber {C1 —Do:) Di.j-1 — Hi. ;_:} 


+ 49Do: DoiDi-7-2-+ Higa) (86) 


fi Oj.j—i fi 

4 

Tj vj 
a 

Det 

(b) 


Fig. 24—Equivalent probabilistic transform regarding to fi, f; of 
nonhomogeneous stationary system. 
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(a) (b) 


Fig. 25—Equivalent probabilistic transform regarding to fi, fj of 
nonhomogeneous non-stationary system. 


where 
Uv Circuit Cl (Fig. 21) 
Daas Eq. (78). 
Fipez= Dock Bea ccgste crease soaseseaeactone Dep gedy. O Pugeciege--amaorae mae panas eras Pines (87) 


= 5} Deg cy Deymres se seen Devracr O Depeyacy terete etetteeeeeeeeee eens Dovey 
=) Desaes Degnea Depry 0 Pepa oeg Oe eee eee 


a | 0 Pepraepattrrttteteteeteeeeeeteees Poon 
=n Oi aidsaktenien ne ae 


=] Drise—tier Priss—ris Dzj—risr 


an Ciremt lle Whigs22) 
Dye Eq. (81). 
HG t= Povciee Dora aco tte ote rete a Pe Doecist—co ttt ttt ett ete tee ee eee eee eee Datixs (88) 
-i1 Posrati-sPo-wesarset se Doe amex Ol Ppegges seeeee es emeaees neeeoee Powe 
=| Poves=—ca Dovee=ea""Poeaaey” 0) Pore ee ee Pouce 


oat, O  Poscirrepa itt tttete teeters Does meia 
ay RE eter ey | 


=I Po-rise—tis Do-risa—cis1 Po-rj—isr 


OOO CeCe eee eee eee ces cee serceeeseees seeesesesces 
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im Circuit: Il. 
ID) sep—3 4 


(Fig. 23) 
Eq. (85). 


a Diveceay (Diraaaageoo 00800 
| =a Pivco—e1 Piecs—ri *** 
| = 


Additive process of the output distributions 
sequence of the nonhomogeneous discrete 
system is given by Eq. (54) and Eq. (55). 

There exists no limit of C(f;f;) and the 
additive process, since action time <z, is inde- 
finite. 


4. Binomial Probabilistic Sequential 
Circuits [J. (Homogeneous Con- 
tinuous System) 


In this section, we discuss the continuous 
form of constant difference discrete system, 
which is given by 6-0 and possesses a_pro- 
bability density function as a circuit para- 


meter. 
In the discrete system, the circuit is de- 
scribed by the difference equation: 


Dy — One » Di Dn_i. (90) 
:=0 


1 


Let the continuous form of D, be g(t), 
then the continuous circuit is described by 
the following Volterra’s 2-nd integral equa- 
tion: 


t 
gin =a +| pats (1) 


where 


6(f): Dirac’s delta function. 


Ge sinemee sae ee eye a) OP pip. re rere orem eeaae ee eres 
rcoatay Feen menn 6) ere ees EY 7 
Doan Doe Py ee Dorcinr—egrtrtrr ter see nee see eeeeeeeeeeesceeeee Bye og 


oi **°Dy.c4—70 (89) 


Disr.cise—tanr Deca re Pisrcy—tist 


—1 Dj-rcj-ep 


t 
i 0(t)dt=E(t): Heaviside’s unit function. 


g(t) is given by the solution of Eq. (91) as 
follows: let Laplace transform of g, p is G(s), 
P(s), then 


G(s)=1+P(s)-G(s) 


1 
introducing U(s): 
eee) , 
UG)= 1—P(s) (92) 


then we get 
GO=1--UG)-1 


Therefore 
ey ‘ t . i 
git) =5() + |" u(G)0t—-8 yas =u, (93) 


that is, g(t) is an indicial function of the 
circuit and the transfer function is given by 
UG, qr (92). 
We get the following theorems concerning 
the mean and the variance of the output 
distributions. 
Theorem 30. If the input distribution a(t) 
of a continuous stationary circuit is 4 
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Bernoulli’s sequence, then the mean f(t) 
and the variance f(t) of the output distri- 
bution f(f) in time ¢ are, 


t 
Fin=act+| acsyg(t—f)dé (94) 
0 


a Pr t 9 fu i 
Fo+Fo+| (a(&) —a(&) og? t—§) dé 
0 


ie) 
o1 


UG)= : Pis)=| e-** p(t) dt. 
0 


Theorem 31. If the input distribution a(t) 
of a continuous quasi-stationary circuit is 
a Bernoulli’s sequence, then the mean f(t) 
and the variance f(t) of the output distri- 
bution f(f) in time ¢ are, 


t 
FD=ah+| a at—sae (96) 
=e = ae —— 2 
FD=FO+\ @@—aey ae a 
(97) 
where 
= : | e* Ue(s) dé 
gz a Qn1 Br € 
a Pe P:(s) a ms ay 
Weés\= (=p 3 Pe)=|" e p:(t) dt 


Theorem 32. If the input distribution a(t) 
of a continuous non-stationary circuit is a 
Bernoulli’s sequence, then the mean f(t) 
and the variance f(t) of the output distri- 
bution in time ¢ are, 


FC) Eq (96): 
Fide raga: 


where g:(t) is an indicial function of the 


continuous non-stationary circuit which is 
given by the solution of the equation: 


t 
git) =act) +| pit-—g dé. (98) 
0 


We get the following theorems concerning 
the limit distribution. 


Theorem 33. If the input distributions of 
a continuous stationary system is a Ber- 
noulli’s distributions sequence a(é),0<é<», 
a(é)=0, €>v, then the mean f(t) and the 
variance f(t) of the output distribution f(t) 
converge to f, f as tooo: 


ey ee 

f mad 99) 

fz J ihe: : )|a@ae+ = "ae ag 
m mM / So m Jo 


where m=\ tp(t)dt. 
0 


Theorem 34. If the input distributions of 
a continuous quasi-stationary system is a 
Bernoulli’s distributions seqnence a(=) 0< 
E<v,a(€)=0 &>», then the mean f(f) and 
the variance f(t) of the output distri- 
bution converge to f, f as tooo: 


f=\ dé (101) 


0 Mz 


FN 4 = ne Ot a hee 
F=\ hon 1 mz as) ae d= (102) 


where me=|_ tp:(t) dt. 
J0 


There exists no limit distribution in a non- 


stationary system. 


About additive process of output distribu- 


tions, we get the following theorems. 


Theorem 35. If the input is only a(0) in 
time 0, then the mean F™,,,., the variance 
F,%, of the additive process F,4 of the 
output distributions f(t), t;<f<t in a con- 
tinuous stationary system converge to FO, 
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FO as t,—00 : 1 ql @sal Re ; , ont 
, KE 1 peg X—An eas eae 
PY _Ta (103) 
m im and its inverse transform: 
F=a\" wort) + ( ——\at il |S Lire cos ee 
Ever: “m9 m ea lak =e ee 
a Ne (110) 
+4a(—,) (104) 
the indicial function g(f) (inverse transform 
Wicish= T=? 10 of U(s)) is given by 
T+t t<0 a-l } 
j= —C-rn)st cos (ap ? 
0 or eae g(t) 1+ De rm)st COS (@nBt+O De 
T=h—-t, gD=g(—-D, gO)=1 (111) 


where m= 
Theorem 36. If the input is only a(0) in ae 


time 0, then the mean F™,,,., the variance Yn= COS O-n 
Fs. of the additive process F™»,. of the 
output distributions f(t), t,<f<?t, in a con- 
tinuous quasi-stationary system converge to 6=2n/a 
F®, F® as too: 


On = sin O-n 


For a=1, 2, 3, 4, g(f is as follows: 


LOK 2 fohy JE (105) 
Mo i 
=e GQe (112) 
m 
eS es 1 : il 
EO ar W (T:t) (ae = )at 
—9F Mop Mo il : 
Q=22 GGE)= (1—e- 78) Gia3) 
If Ne x 
+a a) (106) 
Mo 


=e = 1_{ = —3 /2Bt Ce 
2=35 (90) = 5 i 2e€ cos| “5 bt 


Example 4. Providing that the circuit 
arameter p(f) is a gamma distribution: 2 : 
E we 2 aE 3 x} (114) 


es tte, a>0, 8>0, (107) 


Ca 


poO= 
iE 
a=4: ghH= "(1-26 sin Bt—e-*?") 


the indicial function g(t) of a continuous 


stationary circuit for integer @ is given as (115) 
follows: g 

Laplace transform of p(t) is P(s)=(8/s+ Ce onetaslors 
B)2, so 


In order to represent a system by a proba- 

1 bilistic circuit, we have defined three circuit 
KS oan. (108) elements: a binomial probabilistic transform, 
. 1) a probabilistic branch and a_ distribution 
adder, and constructed a binomial proba- 
bilistic sequential circuit of these circuit ele- 


Using expansion: peo a 
ments, which is a sort of probabilistic filter. 
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We extracted a special determinant which is 
an indicial function, and showed the relation 
between the transfer function and the mean, 
the variance of the output distribution about 
the binomial system. 

There exists no transient period in Poisson 
process since the transition probability is fix- 
ed in starting point. In this paper, we dis- 
cussed a system of which the transition 
probability varies with time or conforms after 
a certain transient period. In this stabilizing 
period, the output distribution of the circuit 
is revealed in such a transient phenomena 
that is the same with a transient in an electri- 
cal circuit as far as mean. We showed the 
mean and variance of distributive solution in 
a transient period of this circuit. 

If we substitute three circuit elements: bi- 
nomial probabilistic transform with parameter 
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p, 6, probabilistic branch and distributive 
adder for multiplier with multiple p, time lag 
6, a branch that transfers the same value to 
many directions and adder, respectively, then 
we get a definite electrical transfer circuit 
and may be visualized as the output (mean 
value) of the probabilistic sequential circuit. 

The control process should be studied fur- 
ther in which the reliability of the output is 
improved. The author wants to express his 
thanks to E. Nishibori and N.Ikeno at the 
ECL laboratory to whose stimulous important 
discussion in 1959. 
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